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THE AMINO-ACID MINIMUM FOR MAINTENANCE AND 
GROWTH, AS EXEMPLIFIED BY FURTHER EXPER- 
IMENTS WITH LYSINE AND TRYPTOPHANE.' 

lU THOMAS B. OSBORNE and LAFAYETTE B. MENDEL. 

U'lTH Tiir Coornn \tion or Edna L. Feuk^' and Atruno J. Wakescan.- 

(From the L'lhoratoi >/ of the Connecticut Agricultural Experiment Station 
anrl the Sheffield Lahoiatorij of Physiological Chcmisliy in 
Yale Umi’Cisity, New Haven.) 

(Received foi pul)lic;itioD, Mai eh 18, 1916.) 

The current view of the construction of new tissue involves the 
.spitliesis of new protein as an essential feature. Growth will be 
limited, therefore, by any factor which prevents this synthesis. 
The lack of any component ainino-acid which cannot be manufac- 
tured directly in suitable amounts in the body represents such a 
limiting factor. This explains why adequate growth has never 
been obtained with rations in which the nitrogenous components 
fail to furnish sufficient proportions of certain amino-acids such 
as tr3''ptophane, l3"sine, or c3’-stine. The wear-ancl-tear features 
of the metabolism of maintenance without gi-owth may also call 
for a certain quota of some, if not all, of these same amino-acids. 

In an earlier paper we expressed the following conclusion; 
“Obrdously the relative values of the different proteins in nutrition 
are based upon their content of those special amino-acids which 
cannot be synthesized in the animal body and which are indispen- 
sable for certain distinct, as yet not clearh'- defined processes which 
we express as maintenance or repair.”- The well known 'Taw of 
minimum” 0^31^ be expected to appl3'’ heie as m other nutrition 
phenomena. In growth some of the amino-acids must become an 
integral part of new protein m the bod3’'; so that their participation 

' The expenses of this investigation were shaied by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

- Osborne, T. B , and IMcndel, L B , J Biol Chem , 1914, xvii, 340, 
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Whether maintenance is possible when lysine is completelj' lack- 
ing from the diet has never been demonstrated, owing to the un- 
avoidable presence of a little protein in the “protein-free” milk, 
but, in any event, the need for lysine is not comparable with that 
for tryptophane, for with the similar small amounts of this amino- 
acid available in the muscles of the animal and also in the protein 
of the “protein-free” milk, the animals dechne rapidly on the zein 
foods unless tryptophane is added in sufficient quantity, which 
for long periods we have found to be equal to 3 per cent of the zein. 
Even additions of h'sine to the zein foods do not prevent the de- 
cline unless tryptophane is also added.^" Another record of this 
sort is shovTi in Chart I for Rat 1905.“ 

In the experiment just cited a unique evidence of the inhibition 
of growth was presented throughout the whole period of G months 
during which the rat remained at constant body weight. A small 
patch of haw on the animal’s back had been dyed red for purposes 
of identification before the experiment was begun. This re- 
mained unchanged until tysine was added to the diet at the end 
of 182 days, and growth was resumed, when the color soon dis- 
appeared. New gi'owth had become possible in the hairs as in 
other parts of the body. 

The record of the experiment just referred to, for Rat 1892, is 
given in Chart I. In the records of two rats, 2475 and 2476, pre- 
sented in Chart II, it is shown that zein food can be made ade- 
quate for maintenance and even for slight growth by additions of 
both lysine and trj^ptophane with far smaller proportionate quan- 
tities of the latter than rvas the case where tryptophane alone was 
added. We are unprepared to explain the exact significance of this 
conserving effect of the presence of lysine. The experiments 
were of comparativety short duration, having been planned to 
show the mfluence of different proportions of these two amino- 
acids. In Chart III are recorded results of experiments to de- 


Osborne and ^lendel, J. Biol. Chcm., 1914, xvii, 325. (See Rat lOOOcf , 
Chart VI, p. 347.) 

The sudden rise in body weight indicated in the chart just prior to 
the death of this animal was due to a pathological collection of fluid in the 
abdominal cavity. It must not be interpreted as an indication of the 
ability of the added Ij'sine to render the zein food adequate for main- 
tenance. 
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tcriniiic (he quantitative limits for the proportions of lysine and 
tryptophane needed to iiromote good grovih with zein foods. 
(See also Eats 2151 and 2161, Chart, I.) These graphic represen- 
tations of the body weight show strikinglj- the eiTect of increas- 
ing or decreasing the quantities of lysine and tryptophane. Both 
mnst be present in sullicient amount before maximal effects can 
be obtained. Furthermore, wc have alread}' intimated that for 
ideal gi-owth zein ought perhaps also to be supplemented by 
additions of arginine and histidine which it yields in rather small 
proport ions.‘= 

The quantitative role of lysine is shown even more strikingly in 
the case of gliadin foods. When gliadin is the onh- protein in 
the ration, gi-owth is veiy slow, if it occurs at all.'^ Gliadin yields 
tryptophane; and its lysine content is now estimated at about 

O. 92 per cent.'^ The adequacy of the ghadin foods for the main- 
tenance of rats (without noteworthj' growth) at various ages rep- 
resented b 3 ' correspondingl}’’ different bodj" weights has been 
demonstrated in earlier papens. In these experiments the foods 
contained IS per cent of gliadin. We have since found that foods 
containing onlj^ 9 per cent of gliadin can maintain the bodj' weight 
of rats at least for short periods. With foods containing onl.v 2 
per cent of gliadin maintenance is no longer possible.*^ Gliadin 
can supplement zein food, so as to make the latter adequate for 
maintenance.^'' Inasmuch as isolated trj-ptophane acts in the 
same wa 3 q biological evidence for the presence of a considerable 
proportion of tiyptophane in gliadin is thus afforded. 

It has been shown that the addition of b'sine equivalent to 3 
per cent of the gliadin fed readib’' converts the gliadin food into a 

Osborne and Mendel, J . Biol. Chcin., 1914, xviii, 1. (See Chart I, 

P. 11.) 

Osborne and Mendel, Carnegie Institution of Washingtofi, Publication 
tSG, pt. ii, 1911; Z. phgsiol. Chem., 1912, Ixxx, .32.S; J.Biol. Chem., 1912, 
xii, 473; 1912-13, xiii, 233; Science, 1913, x.xxvii, 1S5; J. Biol. Client., IdU. 
xvii, 325. 

“ Osborne, T. B., Van Slyke, D. D., Leavenworth, C. S., and Vinograd, 
M., J. Biol. Chem., 1916, .x.vii, 259. 

Osborne and Mendel, J. Biol. Chem., 1915, xx, 351. (See Rats 2435 
and 2463, Chart VIII, p. 377.) 

Osborne and Mendel, J. Biot. Chem., 1914, xvii, 325. (See Rat 1113 9 , 
Chart I, p. 342.) 
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ration suitable for growth.*’ More recent attempts to ascertain 
the lower limit of this tysine requirement are presented in Chart 
IV (Rats 2054, 3 per cent lysine; 226S, 2271, 2 per cent lysine; 
2363, 2366, 1.5 per cent lysine; 2294, 2291, 1 per cent lysine). A 
distinct effect upon the rate of growth is not apparent until this 
lowest addendum of lysine is reached. Recalling that the gliadin 
itself furnishes nearly 1 per cent of lysine, it is obvious that, to 
produce satisfactory grovdh, Ij'sine equal to somewhat over 2 
per cent of the protein must be present in the food. For thfe pur- 
poses of comparison the food intake and gains in body weight 
for a period of 3 weeks of rats of comparable size, some of which 
are referred to in Chart IV, are summaiized below ; 


Ljsme added to 
ghadm food- 

1 

Rat. 

1 

1 

Initial 

body weight. 

Food intake ; 
in 21 daj’s. 

Gain in 
body eight in 
21 days. 

As per cent 
of ghadm 

In 100 gra food. 

per nnt 

gnj. 


gm. 

QVl. 

gm. 

3 

0 54 

18449* 

59.0 

117.8 

37.5 



18469* 

54.0 

10S.4 

30.5 



1850 cT* 

75 0 

142.3 

45.5 



2054 o’! 

60 0 

136.9 

39.0 

2 

0 36 

2268 eft 

69 0 

i 150.2 

35.0 



2271 eft 

65 5 

148.7 

35.5 

1 5 

0 27 

23G3cft 

66.0 

' 136.7 

30.5 



23G6cft 

67.0 

130.2 

25.5 

1 

0 18 

2291 eft 

64.5 

136.6 

21.5 



2294 eft 

61.5 

113.7 

9.5 

None. 

0 00 

24091 

65.5 

110.8 

3.0 



249 9 § 

65.5 

87.4 

6.0 



2549** 

66 5 

! 95.3 

8.0 



1850cf* 

65.5 

103.1 

8 0 


* See Chart I, J. Biol. Chem., 1914, xvii, 342. 
t See Appendix, Chart IV. 

}; See Chart VII, J. Biol. Chem., 1912, xii, 496. 
§ See Chart VIII, J. Biol. Chem., 1912, xii, 49S. 
** See Chart IX, J. Biol. Chem., 1912, xii, 499. 


" Osborne and Mendel, J. Biol. Chem., 1914, xvii, 325. (See Chart 1, 
p. 342.) . 
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Iiia.'^much as gliaclin, yields iiearb'- 1 per cent of lysine, 

in addition to ttyploplianc, fails to promote growth until a supple- 
ment of 1 or more per cent of lysine is added to the food contain- 
ing it, one can now readily understand why the zein food failed 
to promote growth satislactorily, even with the addition of plenty 
of Irj-ptophane, unless 2 per cent or more of lysine was furnished 
with the protein (see Charts II and III). Some groudh may occur 
with smaller additions, but it is below the normal average and is 
limited b}' the proportion of the essential amino-acid present in 
smallest amount. 

The application of some of these ideas regarding the indispensa- 
biht 3 ' of an adequate supplj-^ of certain amino-acids for growth has 
recentlj' been attempted bj"^ Buckner, Nollau, and Kastle in the 
case of j’oung chicks. Their plan was to select mixtures of feeds 
which should be high and low, respectivelj^, in Ij'sine. The amount 
of this amino-acid was estimated bj”^ hydrob'zing the grain rations 
as a whole and determining the partition of nitrogen by the Van 
Slj’ke method. If the results of analj'ses made in this manner are 
trustworth}', the outcome of these feeding e.xperiments is of much 
interest. Thej'' showed a verj’- marked difference in the effects of 
the’ two grain mi-xtures, the rations of assumed low lysine content 
leading to decided retardation of growth. There are many vari- 
ables besides that of the amino-acid jdeld in anj' attempt to com- 
pound food mixtures from ordinary feeds. 

In a recent publication Abderhalden^'* has discussed what he 
designates as the “biologische Wertigkeit” of a number of the 
amino-acids obtained bj^ the complete disintegration of protein 
with digestive enzjunes. In several respects his results are com-, 
parable with studies which we have presented and repeatedly dis- 
cussed in several communications in the past. His procedure has, 
in the main, consisted in feeding to dogs and rats mixtures of 
amino-acids obtained bj’^ digestion: and using the nitrogen balance 
as an evidence of nutritive equilibi-ium, he has ascertained the 
effect of such mixtures before and after the removal of individual 
amino-acids. In this way, quite in harmony with evidence which 
we have presented earlier, he has come to the conclusion that 

Buckner, G. D., Nollau, E. H., and Kastle, J. H., Arri. J. Physiol., 
1915, .x.\xix, 162. 

Abderhalden, E., Z, physiol. Chem., 1915, xovi, 1. 
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tiyptophane is an indispensable component of the dietary. Ab- 
derhalden’s experiments nntb lysine, though pointing in the same 
direction, are far less conclusive. 

t 

smnrAKY. 

Additional experiments are i-eported in this paper to show the 
part played by tryptophane and lysine in the metabolism of mam- 
tenance and growth. The quantity of these amino-acids available 
in the diet can be made the limiting factors wliich determine the 
nutritive equilibrium and possibilities for increment of size in an 
individual. They afford an important illustration of the “law of 
minimum” applied to essential nitrogenous components of the 
food supply. 
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API»ENDIX. 



CnAiiT I. Showing tlic effect of additions of varying proportions of 
tryptophane, lysine, or both, to zein foods. It will be noted that no in- 
crement of body weight takes place unless both of these amino-acids are 
added. The rate of growth appears to be limited by the proportions of these 
amino-acids furnished, thus illustrating the “law of minimum." Special 
attention is directed to the unique record of Rat 1892 described in detail 
in the text. The food, with which the lysine or tryptophane was incor- 
porated, was composed essentially as follows: 


Zein + amino-acid. . 
“Protein-free” milk. 

Starch / 

Butter fat 

Lard 

Water 


gm. ■ 
18 
28 
27 
18 
9 
15 


In all cases the quantities of amino-acids used are expressed in percent- 
ages of the protein present — not in terms of the total food. 





10 


Axnino-Acid Minimum for Growth 





T. B. Osborne and L. B. Mendel 


11 



2 «-3 
g S S 
S ‘n c 

e g a 


•S H 


5 ^ 
ns o 


a 


“E 2 
o 

^ w c 

Ch c o 


tO CJ 


o S 
o 


' 'T3 
; O 
O 


. 2s ia 
g o o 
5 fc- _ 

a t? 

o b 
o 

t;0 to 


composition of the foods used has been indicated in Chart 1. 
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[Chaiit IV. Showing the necessity of adequate additions of ij’sine in 
order to produce satisfactory growth upon gliadin foods. In considering 
the total lysine content of the ration it should be recalled that the gliadin — 
of itself inadequate to produce a food suitable for growth — ^is estimated to 
peid nearly 1 per cent of ly.sine. The composition of the ration was 
essentially as follows; 

per cent 


Gliadin and lysine . : 18 

“Protein-free” milk 2S 

Starch . 22 

Butter fat 18 

Lard 14 


The added lysine replaced a part of the gliadin. Additional data regarding 
these animals are given in the table on p, 6. 




STUDIES IN THE SYNTHESIS OF HIPPURIC ACID IN 
THE ANIMAL ORGANISM. 

nr. THE EXCRETION OF URIC ACID IN MAN AFTER 
INGESTION OF SODIUM BENZOATE. 

By HOWARD B. LEWIS and WALTER G. KARR. 

{From the Liihnrnlnnj of Physiological Chemistry of the University of Illinois, 

Urbana.) 

(Received for publication, March 15, 1916.) 

jMuch confusion exists in tlie vast mass of experimental data 
accumulated in recent years concerning the influence of benzoic 
acid or its salts on the nitrogenous metabolism of man. With re- 
gard to uric acid excretion, the greater number of observers' 
assert that the ingestion of benzoic acid has no effect, or results 
in a slightl}' increased elimination. The therapeutic use of ben- 
zoates in gout and rheumatism, however, still continues, although 
tliej'' have been replaced to a large extent bj' atophan and salicj^lic 
acid derivatives. That salic3dic acid, closel}'^ related to benzoic, 
when administered causes a marked increase in the mic acid ex- 
cretion, has repeatedlj" been shown.- Recentlj’^ Denis’ has re- 
ported three cases in which the relations between the uric acid 
concentration of the blood and the urmar3’’ ehmination of mic 
acid were studied before and after the ingestion of 8 gm. of sodimn 
benzoate. As a result of these studies Denis concludes: “Benzoic 
acid hke salic3dic acid causes, when taken in large doses, a marked 
decrease in the uric acid content of the blood and an increase in 
the uric acid content of the urine. The effect, however, is not so 
constant or so marked as with the former drug.” From a care- 

' Compare Keller, W., Ann. Chem., 1842, xliii, lOS. Levandowsk 3 ', M., 
Z. klin. Med., 1900, xl, 202. Chittenden, R. H., Long, J. H., and Herter, 
C. A., U. S. Dept. Agric., Report No. 88, 1909, pp. 58, 5SG. 

’ Rockwood, E. W., Am. J. Physiol., 1909-10, xxv, 34. Fine, M. S., 
and Chace, A. F., J. Biol. Chem., 1915, xxi, 371. Denis, W., J. Pharm. and 
Exp. Therap., 1915, vii, 255. 

“ Denis, W., .1. Pharm. and Exp. Therap., 1915, vii, 601. 
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ful study of the figures presented, the conclusions in so far as they 
concern the urine would seem to be open to question, as in only 
one of the three cases is the increase beyond normal variations. 

In connection vdth former work by one of us* on the rate of elimi- 
nation of hippuric acid after benzoate ingestion, the observation 
was made that the uric acid content of the urine was very low in 
the periods immediately foUoudng the ingestion of the benzoate, 
those periods in which the elimination of the greater part of the 
hippuric acid takes place. It seemed probable that any varia- 
tions in the uric acid excretion due to the benzoate ingestion wo\ild 
be evident if the elimination was studied over short periods of 
time, coincident with the periods of maximal hippuric acid ex- 
cretion, and that relations which would be obscured in the normal 
variations of 24 hour periods might be observed. With this in 
view the following series of experiments were undertaken. 

The subjects of the experiments were healthy young men, stu- 
dents or instructors in the Iaboratorj\ For at least 2 days prior 
to the experimental periods as well as during the experiment the 
subjects were maintained on a purine-free diet. The experimental 
periods consisted of 3 or 4 days. The urine was collected at regu- 
lar 2 hour intervals throughout the day vdth a 12 hour period at 
night. No attempt was made to maintain the diet quantitativelj'^ 
uniform throughout the experiments. Each subject, however, 
partook of a xmiform breakfast daily. The benzoate was dis- 
solved in water and administered with the breakfast. Subject A 
ate no food prior to the midday meal and received the benzoate 
at 8 a.m. Uric acid was determined by Benedict and Hitchcock’s^ 
modification of the colorimetric method of Folia and Denis, a 
method which in our experience gives values checking closely 
with those obtained by the older method of Polin and Shaffer 
provided only 0.5 mg. of uric acid is used in the standard solution 
and diluted to 50 cc. Creatinine was determined by the method 
of Folia and total benzoic acid by the method of Folin and 
Flanders. 

In order to see whether the presence of large quantities of hip- 
puric acid in small volumes of urine, a condition met with in the 
experimental days of benzoate ingestion, in any way affected 

* Lewis, H. B., J, Biol. Chem., 1914, xviii, 225. 

® Benedict, S. R., and Hitchcock, E. H., J. Biol. Chem., 1915, xx, 619. 
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the quantitative determination of uric acid by the method em- 
ployed, the following experiments were carried out. 

1. To 25 cc. of one of the experimental urines of a normal day 
0.6 gm. sodium hippurate was added and the uric acid determined 
in 5 cc. in comparison with the original urine. 


Original urine. 


Urine after addition of sodium 
hippurate. 


Colorimeter reading 20.S mm. 


Uric acid calculated for 
total volume of period 
(400 cc.) 4S mg. 


21.Smin. 

22.0 “ 

21.7 “ 

21.8 “ average of three deter- 
minations. 


45. S mg. 


2. The same procedure was followed with another urine, 0.6 
gm. sodium hippurate being added as before. 

Original urine. Urine after addition of sodium 

hippurate. 

Colorimeter reading, av- 27.5 mm., average of four deter- 

crage of three determi- minations. 

nations 25.5 mm. 

Uric acid calculated for 
total volume of period 

(600 cc.) 59 mg. 55 mg. 

Repetition of the above experiments with different urines gave 
results similarly low, from 3 to 4 mg. lower than the results for the 
urine without the addition of sodium hippurate. It was observed 
that in the urine with the addition of the hippurate, the precipi- 
tate was less flocculent and less bulky than was the case with the 
original urine. The precipitate resembled that obtained with pure 
uric acid solutions, rather than the mixed precipitate of phosphates 
and uric acid obtained normally with urines by this method. We 
believe that the smaller bulk of the precipitate resulted in a less 
compact mass in the bottom of the centrifuge tube, which caused 
a slight loss when the supernatant liquid was poured off. We were 
unable to obtain the typical bulky flocculent precipitate even when 
large amounts of the ammoniacal silver magnesium solution were 
added. The quantities of hippurate added in the above experi- 
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ments were mucli greater than the amounts present in any of the 
experimental urines, so that the figures obtained above repre- 
sent the maximum possible ei ror under the conditions, -ndth which 
we dealt in the piesent experiments. Any changes in the uric 
acid content of the urine following benzoate ingestion must then 
be well above anr' possible error of the method in the presence of 
hippuric acid, m order to be significant. 

A study of Table II shows that coinculeni icith the maximal 
elimination of the ingested benzoate (during the first 4 hours after 
administration, compare Table VI), the uric acid excretion is mark- 
edly diminished, a deciease of 50 to 70 per cent as compared loith 
the excretion during the corresponding periods of the fore and after 
days. These deci eases vhile marked in the shorter periods are 
obscuied in the figuies foi 24 houis, in which, although decreased 
ehmmation is erndent, the variations are hardly more than normal 
fluctuations. This is especially marked in the experiments with 
Subjects A and L. When, however, the results for the first 4 
hours of the day are summarized (Table I) , the variations are seen 
to be well above any noimal fluctuations or experimental error. 


T\BLE I 

Eliminalion of Uric Acid and Creatinine during the First 4 Hours of the Day. 


Subject 

Da> 

Uric acid 

Creatinine 

Sodium ben- 
roatc 

administered 


Fore 

vg 

140 

mg. 

311 

grn 

0 

H. B. L 

Fore . 

150 

305 

0 

Benzoate 

71 

293 

8 


After . 

142 

341 

0 


Fore 

128 

402 

0 

W. G. K 

Fore 

122 

313 

0 

Benzoate 

47 

364 

8 


After 

152 

365 

0 


Fore 

SO 

290 

0 

LA . ] 

Benzoate 

34 

261 

7 


After 

118 

299 

0 


Two possible explanations of this decrease suggest themselves. 
The changes might be due to a Uelayed elimination of the uric acid 
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l)y tlie kidneys, a retardation which should be followed by a com- 
pensatory increase in the later periods of the day. An inspec- 
tion of the tables shows that no increased elimination in any way 
comparable to the decreases in the elimination of the earlier 
periods or greater than the normal variations of the fore and after 
daj's occurred. The possibility that these changes are the result 
of a genera! lowering of the plane of endogenous metabolism due 
to the toxic action of benzoic acid must also be taken into con- 
sideration. In order to test this hypothesis, creatinine was also 
determined throughout the e.xperiments. No changes in the elimi- 
nation of creatinine were observed (Tables I and IV). If 'the 
decreased excretion of uric acid observed is the result of a decreased 
formation of uric acid due to lowering of the level of nuclear 
metabolism under the influence of sodium benzoate, this must be 
considered as a specific influence on nuclear metabolism rather 
than on general endogenous metabolism, since the creatinine elimi- 
nation remains normal. tVhether the gastro-intestinal writation 
commonlj'^ ascribed to the influence of large doses of benzoic acid 
would cause an increase in the endogenous uric acid metabolism 
is not clear from our present knowledge.^ Certainly there is no 
evidence of the opposite effect. 

The ingestion of benzoic acid results in the production of glyco- 
coll from sources as yet unknown, for purposes of detoxication.. 
Is it not possible that uric acid maj'’ be broken down to yield 
glycocoll or some other substance for detoxication, or may even 
itself be conjugated with benzoic acid? Uric acid is present 
normally in small amounts in human blood and tissues (1 to 2 
mg. per 100 cc. of blood according to Folin and Denis’), while 
proteins and amino-acids, in the last analysis the sources of glyco- 
coll, occur in much larger amounts. If then, as has been sug- 
gested, mic acid contributes in some unknown way to the detoxi- 
cation of benzoic acid, one would expect the reactions to proceed 
according to the masses of substances available, the greater role 
in the detoxication being played by the substance most abundant; 
i.e., glycocoll and its precursors to 3 deld hippuric acid, and the less 
abundant uric acid playing a less important role in detoxication. 

» Mendel, L. B., and Stehle, R. L., J. Biol. Chem., 1915, x.xii, 215. 

’ Bolin, O., and Denis, W., J. Biol. Chem., 1913, -xiv, 29. 
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In connection with this problem it seemed also of interest to de- 
termine whether this effect of benzoic acid on uric acid excretion 
was also produced by hippuric acid administered per os. Is the 
effect of the benzoic acid due to a toxic action on the cells, result- 
ing in a decreased formation of uric acid, to the utilization of the 
uric acid formed for detoxication, or to the presence of hippuric 
acid circulating in the system? The experiments were conducted 
in the same manner as those previouslj’^ described in this paper. 
An amount of sodium hippurate equivalent to the benzoate fed 
in the first series was administered. 

As seen in Tables III and V, no significant changes in the ehmi- 
nation of creatinine or uric acid resulted from the administration 
of large doses of sodium hippurate. The decreased uric acid ex- 
cretion observed after benzoate ingestion would seem to be due to 
the effect of the benzoic acid itself and not to its conjugated, 
non-toxic derivative, hippuric acid. 

Notable also in the series of experiments is the slower elimination 
of the hippuric acid after the administration of sodium hippurate, 
than after benzoate administration (Table VI). 


TABLE II. 

The Influence of Benzoate Ingestion on Uric Acid ExcTction. 


Subject. 

cS 

P 

Sodium 

ben- 

zoate 

fed. 

Uric acid in mg. excreted for period ending 

Tobil 
uric 
acid in 
24 hra. 

. 

9 a. m. 

il a. m. 

1 p. m. 

3 p. m. 

5 p. m. 

7 p. m. 

7 a. m. 

H. B. L. 
\Vt. ' 
80 kg. 

1 

2 

3 

4 

gin, 

0 

0 

8 

0 

62 

75 

30 . 
78 

78 

75 

41 

G4 

53 

61 

52 

62 

64 

65 

66 

74 

50 

56 

46 

43 

50 

34 

45 

Lost. 

300 

210 

255 

212 

vig, 

657 

579 

536 

W.G.K. 
\Vt. ■ 
74 kg. 

1 

2 

3 

4 

0 

0 

8 

0 

55 

55 

28 

78 

73 

67 

19 

74 

58 

63 

43 

03 

45 

42 

32 

61' 

52 
•53 

36 

53 

53 

47 

39 

48 

239 

228 

259 

166 

575 

555 

466 

543 

L. A.* r 

1 



34 

32 

36 

39 

47 

212 

455 

Wt. ] 

2 



18 

49 

37 

40 

54 

200 

420 

59.1 kg. 

3 

0 


61 

46 

47 

50 

52 

203 

516 


* Collection of nrine beginning at 8 a. in. in 2 hr. periods. 
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TAHU; III. 


The Influence of Uipimratc Ingcslion on Uric Acid Excretion. 


Sulijcct. 


Sodium 

hip- 

pumto 

fed. 

Uric ncid in iiir c'ccrctcd for period cndinR 

Totnl 

uric 

a 

G 

0 n, m. 

11 n m 

1 p ni 

3 pm. 

5pm 

7pm 

7am 

ncid in 
21 hrs 

H. U. L. f 

1 

fftn 

0 

89 


63 



40 

285 

vig 

660 

Wt. ] 

2 

11.2 

65 


mm 



Lost. 

305 


S6 kg. i 

3 

0 

72 


H 



32 

216 

525 

w.G.K. r 

1 

0 

65 

67 

49 

48 

4-1 


239 

543 

Wt. I 

2 

11.2 

60 

81 

51 

76 

64 


246 

608 

74 kg. [ 

3 

0 

78 

CG 

42 

47 

31 


226 

527 


TABLi: n 


The Influence of Benzoate Ingestion on Creatinine Excretion. 


Subject. 

G 


Creatinine in mg excreted for period ending 

Total 
creati- 
nine in 
24 hrs 

9 a. m 

Hum 

1 p m 



7pm 




gm. 

■ 

■1 

■1 





rng 



1 

0 

E9 

Wm 


162 

126 

144 

810 

1696 



2 

0 

WM 

mm 

mm 

143 

158 

116 

810 

1687 



3 

8 

163 

130 

144 

162 

137 

117 

730 

1583 

so kg. 


4 

0 

205 

136 

148 

168 

135 

Lost. 

675 




1 

0 

189 


182 


197 

171 

1088 

2211 

W.Li.lV. 


2 

0 

176 


164 


247 

187 

894 

1981 

Wt. 


3 

8 

193 

161 

174 


127 

154 

988 

1999 

74 kg. 


4 

0 

180 

179 

194 

177 

177 

178 

868 

1959 

L. A.* 


1 

0 

162 

128 

m 

147 

180 

142 

810 

1694 

Wt. 


2 

7 

140 

121 


127 

174 

ISO 

765 

1639 

59.1 kg. 

1 

3 

0 

152 

147 


130 

165 

147 

837 

1720 


Collection of urine beginning at 8 a.m. in 2 hr. periods. 
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TABLE AL 


The Influence of Hippnrate Ingestion on Creatinine Excretion. 


Subject 1 


Sodium 
hip- 
i puratc 
fed 

Creatinine m mg excreted for period ending j 

Total 

crcati- 

D 

a a m 

11 a in 

1 1 p m. 

3pm.' 

j 5 p m 

j 7 p m 

l7am.| 

241ir= 

H. B. L [' 

1 

gm 

0 

248 

169 

169 

179 

145 

1 

168 


tng 

2043 

Wt 1 

2 

n 2 

162 

162 

162 

173 

169 1 

Lost. 



S6 kg 

.3 

0 

156 

152 

159 

147 

170 1 

i 

202 

1039 

2025 

W.G K. f 

1 

0 

197 

195 

202 

196 


152 

1100 

2244 

\Yt ^ 

2 

11 2 

193 

187 

170 

225 

200 

ISS 


2217 

74 kg 1 

3 

0 

219 

208 

190 

221 i 

170 ^ 

1 

163 

1318 

2489 


TABLE vr 


Total Benzoic Acid Excretion following Ingestion of Sodium Benzoate 
or Sodium Hippuraic. 


Subject 

Eaj 

Sodium benzoate 
' or «CKlium hippu- 
rate fed 

calculated as ben- 
zoic acid 

Total benzoic acid in gm 

1 excreted during ponotl ending 

Total 
benzoic 
acid in 



9 a m j 

11 a m j 

1 p m 

3 p m 

8 hr* 

H. B L 

3 

gm 

Benzoate 

6 76 

2 94 

2 86 


0 16 

’ gm 

C 41 

H. B. L 

> 

Hippnrate. 

6 76 

2 56 

191 


0 51 

5 52 

W. G. K 

3 

[Benzoate. 

6 76 

1 96 

m 

1 48 

0 21 

0 22 

IV G. K 

1 2 

jHippurafe. 

0 76 



1 34 

0 72 

5 95 

L. A.* 

0 

1 

jBenzoate. 

5 92 

1 

1 95 * 

2 39 

[ 1 39 


5 87 


* Collection of urine beginning at 8 a. in. in 2 hr. periods. 






















STUDIES IN THE BLOOD RELATIONSHIP OF ANIMALS 
AS DISPLAYED IN THE COMPOSITIONS OF THE 
SERUM PROTEINS. 


V. THE PERCENTAGE OF NON-PROTEINS IN THE SERA OF 
CERTAIN ANIMALS AND BIRDS. 

By R. .M. JEWETT. 

(From Ihc Rudolph Sprcchcls Physiological Lahoralory of the University of 
California, Berkeley.) 

(Received for publication, Marcli 13, 1916.) 

This investigation was undertaken with a ^^ew to correcting 
and e.xtending the figures given in former articles of this series by 
adding the determination of non-proteins for each animal. 

In former articles of this series* it was assumed that the amount 
of non-proteins in the blood sera of all animals was about the same; 
but it has since been ascertained that this assumption is not 
accurate;- and the present work was undertaken to ascertain the 
amount of non-protein in the blood of each kind of animal formerlj- 
studied and to correct the figures which are affected bj-^ the re- 
vised estimation of the non-proteins. In the present investiga- 
tion Robertson’s refractometric method- was used in so far as the 
determination of non-proteins is concerned, and in cases where the 
concentration of the serum being examined was much greater or 
less than that examined by former investigators, the ascertained 
amount of non-protein was increased or reduced in like proportion 
before correcting the previously pubhshed figures. 

The following table shows the refractive indices obtained, the 
percentages of albumin, globulin, and total proteins determined 
by previous investigators, and the figures as corrected b}" the 
present investigation. Where the percentage of non-protein in 

‘Robertson, T. B., J. Biol. Chem., 1912, xi, 179; 1912-13, xiii, 325. 
Woolsey, J. H., ibid., 1913, xiv, 433. Thompson, W. B., ibid., 1915, xx, 1. 
Briggs, R. S., ibid., 1915, xx, 7. 

- Robertson, J. Biol. Chem., 1915, xxii, 233. 
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hydrolyzed in solution, and the consequence is the setting free of 
soluble acid; that is, the presence of excess of acid in the soil. 
Of course the acid radicles combine with the stronger bases, such 
as calcium and magnesium, but the acid condition of any soil is 
due' to the fact that it does not have a sufficient supply of the 
strong bases; hence in many soils aluminium and iron necessaril}' 
supply the basic radicle. It thus happens that in many cases the 
apparent acidit3’^ of the extract from the soil as determined by 
titration with standard alkali in the presence of phenolphthalein, 
is found to be proportional to the amount of aluminium salts 
present in the solution, and evidently represents the amount of 
alkali required to precipitate the aluminium rather than actual 
free acidity. Accordingly, the addition of strong bases as cal- 
cium to the soil or treatment such as ignition which makes soil 
constituents less reactive, will stop or decrease the production of 
acid bj"^ the application of soluble salts to the soils. 

From the view of soil acidity above stated, it appeared td be of 
interest to investigate the toxicity of soluble aluminium and iron' 
salts and its relation to their aciditj'. As the soluble iron salts 
are generally present in negligible traces in the soil solution, we 
will confine our investigation to aluminium salts. 

There are a few publications on the physiologic.al act on of aluminium 
salts on the growth of plants. Micheels and De Heen investigated the cf-. 
feet of aluminium salts on the germination of wheat, with the result that, 
while they found alumina or kaolin to be bonefici.al, the addition of soluble < 
aluminium salts proved injurious. House and Gies’ found that the tox.- 
icitj' of aluminium salts is dependent entirely upon the concentration. 
Yamano'* ascertained by pot experiment on barley and flax that moderate 
amounts o aluminium salts have a stimulating action on plant develop- 
ment. In water cultures, however, 0.2 per cent of alum acted injuriously 
after 3 weeks, while 0.8 per cent killed the plant in a few days. H6bert“ 
studied the toxicity of chromium and aluminium sulfates in comparison 
with the sulfates of some of the rare metals. Progressively increasing 
amounts of these compounds were tested on germinated seeds of pea, 
wheat, and rape. Aluminium, chromium, and some of the rare metal .sul- 
fates were found to be strongly poisonous. Duggar' reports aluminium 

-Micheels, H., and De Heen, P., Bull. Acad. roy. Bclg., 1905, 520. 

’ House, H. D., and Gies, W. J., Am. J . Physiol. 1905-06, xv, p. xix. 

■* Yamano, Y., Bull. College Agric., Tokyo Imperial Univ., 1905, vi, 429. 

^ H6bert, A., Bull. Soc. chim., 1907, series 4, i, 1026. 

Duggar, B. M., Plant Physiology, New York, 1911. 
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rliloriclc and sulfate extremely toxic to pea grown in water cultures. 
•Vbbott, Conner, and Smalley' found that very dilute solut’onsof aluminium 
nitrate are toxic to corn .seedlings in water culture in the presence of min- 
eral nutrients. The toxicity of aluminium nitrate was found to be ap- 
proximately equal to that of nitric acid of the same normality. E. Kratz- 
mann* proved that the growth of higher plants is retarded b 5 ' the presence 
of 0.05 per cent of aluminium salts, but very small amounts (0.0001 per 
cent) have a slight stimulating action. Ruprccht’ found also that alu- 
minium sulfate, when present in culture solutions in concentrations of 
aluminium greater than forty parts per million, has a very toxic action on 
clover seedlings. 

From the above review it will be seen that, although there is 
evidence that aluminium salts arc to.xic, there has been no re- 
.search work done on the question of the relationship of the toxicity 
of aluminium salts' to their acidity, except the article by Abbott, 
Conner, and Smalley which touches on this matter. 

Water cultures were employed in the investigation. Though of 
limited value in soil fertility investigation from the standpoint of 
agriculture, this method of investigation furnishes an excellent 
means of studying special phases in which physiological effects are 
important. ' For the solution I used aluminium chloride in con- 
centrations of to 2 ooTo Table I, and hj'-- 

drochldric acid solutions of same concentrations were used for 
comparison. In the experiment I started with the 3 mung rice 
seedlings, 10 mm. high, which were grown in distilled water from 
seeds of almost uniform size and specific gravity. Fourteen 
beakers about 5.5 cm. in diameter and 7 cm. deep, each contain- 
ing 30 cc. of solution, were used for the experiment, the seedlings 
being placed in the solution, while one beaker containing dis- 
tilled water served as a control. Five seedlings were grown in 
each culture at ordinary temperature and the evaporated water 
was supplemented vdth distilled water from time to time to keep 
the solutions always at their initial dilutions. After 13 days, the 
difference in development was striking, when the following meas- 
urements were made. 


’’ Abbott, J. B., Conner, S. D., and Smallejq H. R., Ind. Experiment 
Station, Bull. 170, 1913, 329. 

* Kratzmann, E., Chem. Zig., 1914, xxxviii, 1040. 

“ Ruprecht, R. W., Mass. Experiment Station, Bull. 161, 1915, 125. 
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TABLE I. 


Concentration. 




V 

2.500 

5, 003 

K 

X 


N 1 

Con- 

trol. 

•1.000 

7,500 

10,000 

15,000 ! 

20 030 

[Length of leaf, mm 

1 

50 ' 

51 

51 

55 

57 

57 

57 

57 

AlClj ( Length of root, mm . 

12 

12 

16 

26 

30 

36 

52 

52 

[No. of roots 

5* 

S» 

S* 

.8 

7 

7 

7 

7 

[Length of leaf, mm 

41 

4S 

48 

55 

57 

57 

62 

57 

HCl [ Length of root, mm 

2G 

3.3 

33 

56 

oo 

52 

52 

52 

[No. of roots 

1 

2* 

7* 

7 

7 

7 

7 

7 


* Onlj' the piimar 3 ’ root nas ucll de%'eloped 


Though a little difference of growth between the aluminium 
chloride and hydrochloric acid solutions was observed, the table 
shows that each solution in the same normality causes almost 
similar retardation as stated by Abbott, Conner, and Smalley, 
and concentrations greater than are injurious to the grovdh 
of rice seedlings. From this result we cannot immediately con- 
clude that the toxic action of aluminimn chloride is due to the 
hydrogen ions formed by the hydrolysis of the salt in solution 
unless we have a rehable measurement of the hydrogen ion con-, 
centration in aluminium chloride solutions, because, though 
aluminium chloride is hydrolyzed in solution, we cannot consider 
that the hydrolysis is complete and that the concentration of 
hydrogen ion is the same as that in a solution of hydrochloric 
acid of the same normality. 

An examination of the literature failed to reveal any data on 
the degree of hydrolysis or concentration of h3'^drogen ions of 
aluminium chloride solutions. I have, therefore, measured the 
concentration of hydrogen ions in some of the above mentioned 
solutions of almninimn chloride by the method of the gas chain. 
Details of the apparatus and method of manipulation are now too 
well known to require description. For the determination I had 
the assistance aW apparatus of Mr. C. L. A. Schmidt, to whom I 
express my thanks. The concentration of hj^drogen ions was 
measured in the solution of a/luminium chloride, which seems 
to be a critical concentration of ^xicity, and in two other dilu- 
tions, that is, j^\and w'hich are toxic to the grondh. The 









26 


Toxicity of Soluble Aluminium Salts 


TABLE I. 


Concentration. 


i 


A- 

2.530 

1 

X 

K 

7,500 

.V 

1 

N 

Con- 

trol. 

•1.000 

5, COO 

10.003 

15,000 

20.000 

f Length of leaf, mm 

50 

oI i 

51 

55 

57 

57 

57 

57 

.UCI 3 ■( Length of root, mm . 

12 

12 i 

16 

26 

36 

36 

52 

52 

[Xo. of roots 

5* 

s* i 

8* 

8 

7 

7 

7 

7 

[Length of leaf, mm 

41 

i 

1 48 

55 

1 57 

i 

57 

i 

1 

1 

1 

HCl -j Length of root, mm . 

26 

33 

33 

56 

1 55 

32 

I 52 

i 52 

[No. of roots 

1 

1 2* 

1 

7 

1 

1 7 

7 

7 

1 


* 0nl3' the primarj' root was well developed 


Though a little difference of growth between the aluminium 
chloride and hydrochloric acid solutions was observed, the table 
shows that each solution in the same normality causes almost 
suuilar retardation as stated by Abbott, Conner, and Smalley, 
and concentrations greater than are injiuious to the growth 
of rice seedlings. From this result we cannot immediately con-^ 
elude that the toxic action of aluminium chloride is due to the 
hydrogen ions formed by the hydrolysis of the salt in solution 
unless we have a reliable measm'ement of the hydrogen ion con- 
centration in alumimum chloride solutions, because, though 
alumimum chloride is hydrolyzed in solution, we cannot consider 
that the hydi'olysis is complete and that the concentration of 
h3’drogen ion is the same as that in a solution of hydrochloric 
acid of the same normality. s 

An examination of the literature failed to reveal any data on 
the degree of hj'drolysis or concentration of hydrogen ions of 
aluminimn chloride solutions. I have, therefore, measured the 
concentration of hydrogen ions in some of the above mentioned 
solutions of aluminium chloride bj^ the method of the gas chain. 
Details of the apparatus and method of manipulation are now too 
well known to require description. For the determination I had 
the assistance apd apparatus of iXIr. C. L. A. Schmidt, to whom I 
express my thanks. The concentration of hydrogen ions was 
measured in the solution of aluminium chloride, which seems 
to be a critical concentration of^xicity, and in two other dilu- 
tions, that is, Y7^^and toxic to the growth. The 
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result obtained is iis follows. The concentration of hydrogen 
ion of hydrochloric acid in sumo normality wa.s also calculated 
under the suppo.sition that the hydrochloric acid is completely 
dis.socia(cd into hydrogen and chlorine ions in such dilutions. 


r.MU.r, II, 



Concentration, 

s 

1 two 

1 

a.OOO 

s 

fJJd 

IICI 

1 01)0X10-' 

2 000X10-' 

1 330X10-' 

AlCh 

0 ai/xio- 

0 710X10-* 

0.505X10-' 

IIC1:.\1C1, 

1 ; 0 317 

r.o.35s ! 

1 

1:0.379 


Though the results obtained by the determination are not very 
accurate, because the measurement was very difficult owing to the 
high internal resistance of such solutions, still the great differences 
between the hydrogen ion. concentration in the aluminium chloride 
and hydrochloric acid solutions could not be attributed to the ex- 
perimental error. From this result it may therefore be safely 
concluded that the actual acidity of aluminiiun chloride solu- 
tions is less than that of hydrochloric acid. The toxicity of alu- 
minium chloride, as we have seen, however, appears to be al- 
most exactly the same as that of hydrochloric acid of the same 
normality. It is, therefore, clear that the acidity of aluminium 
chloride solutions is not the cause of the toxic action of the salt. 
The to.xic effect of aluminium chloride solution must be due to 
other factors. 

SU3IMARY. 

Taking the above results into consideration we may safely 
formulate the following conclusions: 

1. Aluminium chloride is toxic to the growth of rice seedlings 
even in dilute solution. 

2. The toxic effect of aluminium chloride upon the growth of 
rice seedlings appears in concentrations greater than 

3. The toxicity of aluminium chloride seems to be approxi- 
mately equal to that of hydrochloric acid of the same normality. 

4. The toxic action of aluminium chloride is not due to the 
hydrogen ion formed by hydrolysis of the salt in solution. 
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0 . The concentration of hydrogen ions formed by the hydrolysis 
of aluminium chloride is less than that formed by dissociation of 
hydrochloric acid of the same normality. 

6. Since the chlorine ion is not toxic to the gi’owth of rice seed- 
lings in such dilute solution, colloidal aluminium hydroxide or 
unhydrolyzed aluminium chloride molecules or almuinium ions 
may be the toxic factors. 

7. The toxicity of soluble aluminium salts is dependent upon the 
amount of aluminium itself. The determination of soil acidity bj’ 
titration in which the soil extract is titrated with standard alkali 
is a logical method of determining the amount of bases which 
should be added to the soil for the amelioration of its infertility; 
because, although the titration does not indicate the true aciditj' 
of the soil, yet it does afford a measure of the bases which must 
be added to neutrahze the free acid and decompose the alumin- 
ium salts, either or both of which may be responsible for the 
infertility. 

In conclusion, the author wishes to express his thanks to Dr. 
T. Brailsford Robertson for his kind advice during this experi- 
ment. / 

“ Miyake, K., Tr. Sapporo Natural History Soc., Japan, 1914, v, 91. 



SOLUBILITY DATA FOR VARIOUS SALTS OF LAURIC, 
MYRISTIC, PALMITIC, AND STEARIC ACIDS.* 

141- V: A. .IAC(M4SOX and AUOrST HOLMES. 

(/•Vo'ii the Dcjxirtmciit nj ('hemixtrij, I’liircr.iit'j of Xcradn, Reno.) 

{Ul'ceivod fur piililii-atioii, Marcli lo, 1010.) 

The i.solalion of iiulividuel inoinhor.s of the lii<rhcr saturated 
fatty aeid.s, wlien oeeiirriii}!; in :ni.\tures of such acids, has alwaj’s 
licen fraui'lit with cou.sidoraldc, if not insurmountable difficulties. 

Tlie autlior.s, in their cliaractcrization of the constituents of 
alfalfa seed oil,* were confronted with the same difficulties. After 
applying all tlic known methods that were available for these 
.separations, and finding that unsatisfactory results were ob- 
tained in every case when artificially prepared mixtures of the 
fatty aeid.s were employed, it was decided to investigate the solu- 
bilitic.s of various salts of lauric, niyristic, palmitic, and stearic 
acid.s in a number of organic solvents as well as in water. 

It was hoped that the solubility data thus obtained would fur- 
nish the means for a scheme of separation of the difi’erent acids, 
but just how far these anticipations were realized will be discussed 
in another paper. 

The property of solubility has furnished the basis for more sys- 
tems of separation of chemical substances than any other, although 
differences of melting point, boiling point, and volatilization in 
steam are properties upon which schemes of separation have been 
founded. 

, The following tables include the .solubility of the lithium, 
inagnesium, beryllium, barium, lead, and silver salts of lauric, 
myristic, palmitic, and stearic acids in two or more of the follow- 
ing solvents: water, ethyl and methyl alcohol, ether, benzene, 
ethyl acetate, methjd acetate, amjd alcohol, amyl acetate, chloro- 

* This investigation was cairied out at the Nevada Agricultural Experi- 
ment Station with funds obtained under the .\dams Act. 

‘ Jacobson, C. A., and Holmes, A., J. Am. Chein. Soc., 1916, x.xxviii, 480. 
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Solubility Data for Various Salts 


form, and acetone, at room temperature, 25°, 35°, and 50°, 
whenever the boiling point of the solvent permitted. 

The solvents were selected according to their most probable 
applicability along this line. They w’ere of the highest purity 
obtainable and always redistilled whenever any question as to 
their purity arose. In general the salts of the fatty acids were 
made from the acetates of the metals, but a detailed description of 
the preparation of each salt wall be given in connection with its 
table of solubihties. 

.\n excess of the salt to be investigated was put into a 100 cc. 
round bottom flask having a neck about 5 inches long. Four 
such flasks were used at the same time for the four different salts 
of a given metal and the flasks filled nearly full with the solvent 
to be employed. The flasks w'ere then stoppered and clamped in 
a shaking device, which was so arranged that the flasks, excepting 
the upper part of the necks, were immersed in a bath of water 
whose temperature was kept constant to within 0.5°. An elec- 
tric motor was used for shaking the flasks in the water bath and 
the agitation continued for 2 hours after the liquid in the flasks 
had assumed the temperature of the water in the bath. The 
shaldng was then interrupted and the suspended matter allowed 
to settle, after which about 10 cc. of the solution were rapidly 
drawn off with a carefully calibrated pipette, the solution was 
weighed in a covered weighing tube, and finally the solvent evap- 
orated off. From the weight ofithe residue in the weighing tubes 
the solubility was calculated ux terms of gm. of salt, soluble in 
100 gm. of solvent. 

We did not attempt to obtain absolute solubilities in any case, 
although most of the data here submitted will approach the abso- 
lute values very closely. It has been learned that in some in- 
stances a 6 horn" shaking in contact with the solvent is not suffi- 
cient to secm’e maximum solubility, but for the solvents used the 
difference between the solubility after 2 and 6 hours’ shaking is 
so slight that for all practical purposes it may be neglected. 
.\myl alcohol may be considered an exception to this rule for it 
was found that a 2 hour shaking in most cases did not suffice 
to produce a smurated solution. The results recorded under this 
solvent are those obtained after 2 hours’ shaking, making them 
comparable with those of the other salts. 
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la tlic (irhl table will be found the results of analyses of the 
four fatty aeids and their salts whieh were employed in obtainiiifj 
the following solubility data. 


T.Mn.n I. 



Liuric .icitl. 



Stearic acid. 

.M. p. fouiul. 

i:( 0° 

10 7° 

01 4° 

09 0° 

M. I), given 

i:i r.“ 

.53 .S° 

02 0° 

09.2° 

NVutralization value 
found 

•JSO 0 

228 5 

220 4 

199.3 

Xoulralizalion value 
oalculalocl 

.■) 

210 1 

219.1 

197.5 

M. p. Li salt 

Per cent of Li in Li 

2-2-J9 8“ 

•223 0-22 1 2° 

22 1-225 ® 

■220.5-221.5° 

bait found 

a II 

2 91 

2 5S 

2.38 

Per cent of Li calcu- 





3. IS 

2 99 

2 00 

2.41 

.\I. p. Mg salt 

Per cent of Mg in .Mg 

1.50. -1° 

131 0° 

121-122° 

132° 

salt fniind 

0.73 

5 09 

4.51 

4.20 

Per cent of Mg calcu- 




iated 


5 OS 

4.a4 

4.11 

M. p. Pb salt 

101.0-101 8° 

lOS.G-lOS 8° 

112.2-112 4°i 

115.6-115.8° 

Per cent of Pb in Pb 




salt found 

33 CO 

31.01 

28 24 

20.50 

Per cent of Pb calcu- 




latcd 

31 2S 

31.31 

28.80 

26.77 

Per cent of I3a in Ba 




salt found 

2o 82 

24.20 

21.02 

19.60 

Per cent of Ba calcu- 




latcd 

2,5.64 

23 . 22 

21.20 

19.52 

M. p. Ag salt 

Per cent of Ag in Ag 

212-213° 

211° 

209° 

205° 

salt found 

Per cent of Ag calcu- 

3-1 78 

32 45 

29.74 

28.05 

latcd 

3.5 12 

32 20 

29.72 

27.58 , 


In Table II will be found the analyses of the beryOium salts 
of the four fatty acids which were prepared in the following man- 
ner: To 10 gm. of the acid dissolved in 95. per cent alcohol (the 
solution neutralized with alcoholic ammonium hydroxide, using lit- 
mus as the indicator), a calculated amount of beryllium nitrate 
dissolved in alcohol was added. The resulting precipitate was 
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washed several times with boiling alcohol, both by decantation 
and in a filter, then dried and subjected to analysis with the fol- 
lowing results. 

T rBLE II 



1 

Be laurate , 

1 

Be nuTis- 
tate 

Bo palmi- 
tate 

Be Stearate 

Per cent of Be found 

3 71 

3 4S 

3.08 1 

2 81 

Calculated for Be (.^.c): 

2 23 

1 96 

1.75 1 

1 58 

Found 





Ratio* ; 

1 66 

1 77 

1 76 

1 78 

Calculated 





Hence, calculated for Be(OH).\c 

4 04 

3 59 

3 23 

2 87 

Per cent of C found 

63 So 

66 19 

67 95 

70 17 

Calculated for Be(OH).\c 

63 91 

66 33 

68 23 

69 81 

Per cent of H found 

10 93 

10 90 

11 53 

11 91 

Calculated for Be(OH).Vc 

10 74 

11 13 

11 48 

11 73 


The above results show that the basic salts of beryllium with 
the formula Be(OH)Ac were obtained rather than the normal 
Be(Ac )2 salts. They were found to be only very slightly soluble 
in the general organic solvents, but for the sake of completeness 
their solubilities were determined in ethjd and methyl alcohol at 
25°. Table III contains these data. 


TABLE HI 

Solubility oj Acid Salts oj Beiyllium at 25°. 



Lauratc 

MjTi&tatc 



Ethyl alcohol 
gm. bait 

100 gin solvent 

0 004 

0 004 

0 004 


Methyl alcohol 
gin salt 

100 gm. solvent 

0 050 

0 047 

1 

0 042 

0 040 


Table Ilf contains the solubility data for the lithium salts pre- 
pared by adding a calculated amount of lithium acetate to the 
alcoholic solutions of the respective fatty acids. The precipi- 
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tate.s foniicil were clistolvocl in boiling alcohol and the solutions 
allowed to stand over nii^ht in a cool [)lacc. The salts that had 
separated were washed and drieil. 

I'Mti.i: i\ 


(>/ lithium Sails tn lUhjl AhnJtnl (Ah'-olutc). 



i 

1 

solution 


Silt 

III ICO gm 
iohont. 


'I'l itiper.itiire 20 

a 





i; • 

am 

yrit 

jm 

Laur.itc.. . 

' 0 on.-? 

t 

70 

7 70 

0 m 

Myristatc 

0 01 17 

4 

7)7 

7 55 

0 104 

Palmitatc 

' 0 0()7.'> 

1 

SI 



.Stearate 

' 0 0070 

’ 

71 

7 73 



Temperature 2j 1 

O 




Laurate. . 

0 0512 

7 

CO 


0 ■W7 

Myristate. . 

I 0 0171 

7 

77 


0 221 

Palinitate 

0 0002 

7 

so 

7 79 

mmm 

Stearate. . 

j 0 0000 

7 

7S 

mm 

■1 


Temperature 37 

> 




Laurate. . . 

{ 0 Oils 

/ 

GO 

7 C.5 

0 546 

•Myribtate. 

0 021.7 


74 

7 72 

0 27S 

Palinitate. 

1 0 01 10 

4 

77 

7 70 

0 142 

Stearate. . 

1 0 00S2 

1 

7 

73 

7 72 

0 100 


Temper.it lire .50' 

3 



Laurate. j 

0 0.59 1 

7 CO 

' 7 00 

0 782 

•Myristate 

0 03.35 

7 09 

j 7 60 

0 435 

Palmitate 

0 0190 

7 04 

1 7 61 

0 248 

Stearate. 

0 015-1 

7 09 

1 7 67 

0 200 

Temperature 6.5° 

Laurate. 

0 0S27 

7 2,S 

1 7 20 

1 149 

•Myristate 

0 0490 

7 .38 

1 7 33 

0 609 

Palmitate 

0 0306 

7 S.5 

7 82 

0 391 

.Stear.ite 

0 02.50 1 

7 72 1 

7 69 

0 333 
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The solubihties heie lecoided aie piactically the absolute 
solubilities of the salts used, if the lesults of Paitheil and Ferie- 
can be taken to icpiesent absolute solubilities. 

T\BLE V 


Solubility of Lithium Salts in Methyl Alcohol 



! Salt 

i 

^ Solution 

[ Sohent 

1 

1 Salt 
m 100 gm 
solvent 

Temperature 15 2 

0 




gni 

gm 

gm 

gm. 

Laurate 

0 2442 

7 97‘ 

7 73 

3 159 

Mj ristate 

0 1055 

7 95 

7 84 

1 346 

Palmitate 

0 0486 

7 94 

7 89 

0 616 

Stearate 

0 0321 

9 23 

9 20 

0 349 


Temperature 25“ 


Lunate 

0 2883 1 

mm 


3 773 

Mj nstate 

0 1299 1 



1 680 

Palmitate 

0 0604 

7 89 


0 771 

Stearate 

0 0344 

7 85 

7 82 

0 439 

Temperature 34 0 

0 



L uirate 

0 3463 

7 88 

7 53 

4 597 

Mj nstate 

0 1684 

7 S5 

7 68 

2 193 

Palmitate 

0 0850 

7 82 

1 7 83 

1 086 

Stearate 

0 0513 

7 84 

7 79 

0 658 


Tempera tuie 30° 


Lain ate 


0 4487 

7 82 

7 37 

0 088 

Mj ristate 

1 

0 2329 

7 49 

7 25 

3 281 

Palmitate 


0 1252 

7 05 

7 52 

1 652 

Stearate j 

u 

0 0810 

7 76 

7 68 

1 057 


- Partheil, V 


and 1 erie, 1’ 


Llrc/( 


Pharin., 1003, cc\li, 545 























I'Aiiu: VI. 


Soliiliilitii of Lilliiuin SoUa in U'dlor. 



1 >.tlt 

1 ' 

i^olution. 

iioUent. 

S-vIt 

in 100 (;m. 
eoKcnt. 

'iViiipi'i 

ature I(i.3° 



1 


1 ' 

mmm 

{fUl, 

I.,iur.Ue j 

0 01.52 



0 lot 

■Mvristati' 

0 (X)2r 



0.027 

I’aliuitatc. . . . 

1) 0010 


9 SI 

0 010 

.■^ti’arate. . . j 

0 (H)00 

1 

0 80 

1 

9 SO 

0 009 

TciiipiTaturf 25' 

> 



Laiirati- I 

0 OISI 


9 St 


•Mvristate 

0 (M)3n 

BSEh 

10 S3 

■iliB M 

I’alinitati;. ... i 

0 0015 

0 So 

9 S5 

0 015 

SU‘:vr:U^\ .. ^ 

1 

0 0010 

0 S3 

9 S3 

0 010 

'rciii|)i'r.itur(‘ 35° 

I.aiir.ito... . j 

j 0 0203 

0 S3 

9 SI 

0 207 

■Myriatate . 1 

I 0 0012 

10 01 

■ 10 02 

■jloW 

I’alniilatp... . 1 

i 0 0015 

0 S3 

9 S2 


Stearate*.. j 

0 0010 

0 12 

9 12 

IBI 

Teniperaliirc 50° 

Laiirate. . . 

0 027 1 

0 SI 

9 7S 

0 2S0 

Myriatate 

0 0001 

0 71) 

9 79 

0 0G2 

Palmitate . 





.Stearate . 

1 





TMiLi; \n 


Suliilnlihi of Lithium iSVi//* in Ether. 



aall 

1 

Solution 

Solvent. 

1 

Salt 

m 100 gm. 
solvent 

Temperature 15. S° 

] 

gm. 

gin. 

gin. 

gm. 

Laurate.. . 

0 ooos 

7 20 

7 20 

0 oil 

Myristatc 1 




■l»l » 

Palmitate 




Busiih 

Stearate . 

0 ooos 



0 on 

Temperature 25° 

Laurate 

0 0005 

7 9S 

7 98 

0 006 

Myriatate 

0 0003 

7 73 

7 73 

0 004 

Palmitate 

0 OOOG 

8 35 

8 35 

0 007 

Stearate. 

0 OOOS 

7 01 

7 01 

0 oil 


35 
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T IBLE \ III 


Solubility of Lithium. Salts in Amyl Alcohol. 



Salt. 

Solution ! 

SoUent i 

Salt 

in 100 gxa 
solvent- 

Temperature 16 

o 




t 1 

1 

gm 

gm. 1 

gm 

Laurate 

mmk 

7 92 

7 92 1 

0 073 

Maristate 


S 21 

S 21 

0 029 

Palmitate 


S 33 

S 32 i 


Stearate 1 

1 

Hi 

7 45 ] 

7 45 1 

1 

■1 

Temperature 25 7 

■Q 



Laurate 

Bli 

7 29 

7 2S 

0 111 

Mjnstate ! 

M 

7 74 


mSm 

Palmitate 

■H 

7 4S 



Stearate | 

IB 

7 SS 

■h 

0 028 


Temperature 35° 


Laurate 

M 

S 03 

S 02 

IB 

Mjnstate 


S 33 

S 33 


Palmitate 


8 37 ! 

8 37 


Stearate | 

Hi 

7 86 ! 

7 86 

ini 


Temperature 49 2° 


Laurate 

0 0173 

8 54 

S S3 

HI 

Mj ristate 

0 0079 


7 21 

lEI 

Palmitate 

0 0052 


7 48 

IBI 

Stear ite 

1 

0 0046 


7 61 



T IBUE IX 


Soliihilily of Lithium Salts in Chlorojorm 



Salt 

i 

Solution 

SoUent 

Salt 

la 100 Rm 
eohent 

Temperature 15 2 

|0 




gm 

m 

1 gm 1 

gm 

Laurate 

0 0010 1 

mB 


0 006 

Mvnstate 

0 0007 


■^9 

0 004 

Palmitate 

0 0006 



0 004 

Stearate j 

0 0007 



0 004 
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TAllI.i; X. 


Soluhilily of Lithium Sallt in 

Amyl Aeclatc. 






S.ilt 


blit. 

Solution. 

boUent. 

ia KX) Kin 
boUent. 


'IVmpiT.ituro U.5° 



\jm 

i;r;i 

tjin. 

gm. 

Laurate 

0 oo:)0 

s 2;{ 

S 23 

0 OGS 

Myriiilatc 

0 00 n 

•S 10 

8 10 

0.037 

I’almitale 

0 tX)-'3 

0 07 

0 07 

0 038 

Stearate 

0 OOJS 

S.l.'J 

S 13 

0 031 


'iVinper.iHire I!.")" 


1 

L.iurate ! 

0 0052 

8 07 

S 07 

0 004 

•Myri.state 

0 0028 

S 31 

S 31 

0.034 

Palmitato 

0 0020 

8 20 

S 20 

0 024 

Stearate 

0 0021 

8 10 

S 40 

0 029 


'rcmiuTature 


1/auratc 

0 0019 


8 02 


Myriatato 

0 0037 


8 12 

0 041 

Palmitate 


S 14 

S 43 

0 037 

Stearate 


7 SI 

7 81 



Tcmpcruluro 50° 


Laurate 

n 0052 

1 

S oS 

S 57 

0 001 

Myristate . . . 

0 003S 

S 52 

S 52 

0 015 

Palmitate. 

0 0030 

8 33 

S 32 

0 030 

Stearate 

0 OOIO 

S 97 

1 

8 97 

0 0-14 


TABLE XI. 


Solubilily of Lithium Salts in Methyl Acetate. 



Salt 

Solution 

SoUent. 

, Salt 
in 100 gm. 




solvent. 


Temperature 24.5° 




ffm. 

ffm. 

I 0"’' 

Laurate. . 

0 0027 

10 22 

10 22 

■19 

Myristate 

0 0012 

9 51 

9 51 

IBS 

Palmitate. . 

0 0015 

9 87 

9 87 

WIm 

Stearate 

0 0012 

9 69 

9 69 
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TABLE XII. 


Solubility o/ Lithium Salts in Acetone. 



Salt. 

Solution. 

Solvent. 

Salt 

in 100 gm 
solvent. 

Tcniperatuic 15° 


gm 

gm. 

grii. 

gm. 

Lauiate . 

0 0234 

7 S3 

7.81 

0 300 

Myristati' 

0 0322 

7 82 

7 79 

0 413 

Palmitate 

0.0338 

7 82 

7.79 

0 434 

Stearate . . . . , 

“I 

0.0437 

7.70 

7.76 

0 571 

Temperature 25 

> 



Laurate . 

0 0293 

7 82 

7.79 

0 376 

Myristate 

0 0305 

6 86 

6 83 

0 447 

Palmitate 

0 0396 

7 83 

7.79 

0 50S 

Stearate 

.0 0510 

7 27 

7.22 


Temperature 35 

> 



Laurate 

0 0329 

7 67 

7.64 

0.430 

Myristate 

0 0385 

7 71 

7 67 

0.502 

Palmitate 

0 0414 

7 75 

7.71 

0 537 

Stearate . 

0 0509 

7 73 

7.68 

0 663 


The magnesium salts were prepared by adding a slight excess 
of magnesium acetate to the warm alcoholic solutions of the 
fatty acids and the solution was set aside to cool. The laurate 
and myristate were reciystallized from hot alcohol while the 
palmitate and stearate were repeatedly washed with alcohol and 
dried. 
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TAiiu; xiir. 

Soltiliilit’i of Mdijiicsiuin Salli in ll''a((’c. 


1 j 



Salt 

' s lit i 

I i 

Solution 

Solvent. 

in 100 gm. 
solvent. 


ToiniieratiiK' 1.5° 


Laurati' 

Jin. 

0 ()010 

jm. 

'.) S3 

gin, 

9 So 

gm, 

0.010 

Myristati; 


0 S7 

9.S7 


I’alinitaU' 

0 0003 

9 SI 

9 S-1 

0.005 

Stcarato 

0 0003 

9 S3 

9 85 

0 003 


'IVnipcniluic 23° 


Laurati' 

0 0007 

■9 

9 85 

119 

Myristato . . . 

0 0000 


9 73 


Palinitati' 


9 SI 

9 81 

BE9 

Stearate.. . 


9 SO 

9 SO 

0 004 

Teinpc 

rat lire 33 ‘ 

> 



Lauratc 


9 83 

9 S3 

0.010 

Myristatc 


9 83 

9 83 


Palniitatc 


9 S3 

9.83 


Stearate. . . . 


9 SO 

9 SO 


'I’einpcratiire JO' 

> 



Lauratc 

0 0020 

9 81 

9 81 


Myristatc 

nMuma 

9 79 

9 79 


Palinitato 


9 82 

9 82 

0.009 

Stearate. . . 

1 0 0008 

9 79 

9 79 

0.008 
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• Solubility Data for Various Salts 


TABLE XIV. 


Soluhilily of Magnesium Sails in Ethyl Alcohol (Absolute). 



Salt. 

i 

Solution. 

Solvent. 

, Salt 

I in 103 gm. 

1 solvent. 

Temperature 15° 


gm. 

0.0404 

0.0123 

0.002S 

0.0013 

Qjn. 

7.S2 

7.79 

7.83 

7.81 

gm. 

7.78 
7.78 1 
7.83 
7.81 

ffni. 

0.519 

0.158 

0.034 

0.017 






Temperature 25° 


Laurate 

0.0459 

7.81 

7.76 

0.591 


0.0183 

7.76 

7.74 ! 

0.2.30 

Palmitate 

0.0045 

7.77 

7.70 

■SB 

Stearate . . . .' 

0.0018 

7.77 

7.77- 

mm 


Temperature 35° 


Laurate 

Myristate 

Palmitate 

Stearate 

0.0G30 

0.0287 

0.0066 

0.0024 

7.76 

7.75 
7.74 

7.76 

7.70 

7.72 

7.74 

7.76 

0.805 

0.373 

0.085 

0.031 

Temperature 50° 

Laurate. ; . . ; 

0.0963 

7 70 

! 7.60 

1.207 

Myri.ltate . ... 

0.0440 

7 67 

1 7 63 

0.577 

Palrartatc 

0.0116 

7 07 

1 7 66 

0.151 

Stcar.ate 



i 

i 
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TAULK XV. 


Solubilitu of Miiijiicsium Sails in Methyl Alcohol. 



j 

Solution. 

Solvent. 

Salt 

in 100 gm. 
solvent. 

'IVinperature I5‘ 





1 

gni. 

gtn. 

gvi. 

Lull rate 

O.OSO-’ 

7 00 

7.S7 

1.095 

Myri-stalc. . . . 

0 0151 

7,91 

7 S9 


I’alinitatc 

0 OLSO 

7 93 

7 92 


■Stcarato 

0 OOGO 

7.93 

7.92 



'i'einporaturo 2o° 


Luuralo 


7.SS 

7.79 

I.IOS 

•Myristalo. . . . 

0 0591 

7 SI 

7.7S 

0 763 

I’alinitatc 

wnwna 

7 SS 

7.85 

0 330 

Stearate 


7 SI 

7 S4 

0.100 


Tciiii)cr:iture 51.5° 


Palmitate 

0 03SI 

mm 



Stearate 

0 012S 





TABLE -WI. 


' Soluhility of Maijnesium Salts in Ether. 



Salt. 

Solution. 

Solvent. 

Salt 

in 100 gm. 
solvent. 

Temperature 25 

o 




gm. 

pm. 

pm. 

pm. 

Laurate ... 

0.0011 

7.11 

7.14 

■ill kM 

Myristate 

0.0007 

6.S2 

6.82 

■ill M 

Palmitate 

0.0003 

7 49 

7.49 

■Bin 

Stearate 

0 0002 

7.47 

7.47 

■JniM 
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1 \ni r. M\ 


Solubiht>/ (tj Slum Stilts tn [myl ilcohol 



^ilt 

Solution 

ent 

S'llt 

in 100 gm 
toUent 

'reinper iliiu- H 

3 




;»* 

ijni 

gin 

gin 

Laurati; 

0 0151 

7 01 

7 00 

0 191 

Mjrial.ilo 

0 00()S 

7 05 

7 92 

0 086 

Paliiiit itu 

0 0051 

7 00 

7 9S 

0 on 

Sluaratu 

0 0011 

7 SO 

7 S9 


Ttinpt'r.iturc 2'>° 

Lauratu 

0 OlSO 



m 

Myriatato 

0 0115 



IB9 

Palniitatc 

0 0052 

7 91 



Stearate 

0 0011 

7 05 



Teiiipeiatuie 35 




Laurate 

0 1152 

7 SO 

7 78 

1 481 

Myriatate 

0 0344 


7 86 

0 438 

Palimtatc 

0 0082 

7 So 

7 84 

0 104 

Stearate 


7 SS 

7 SS 

0 039 

Tempeiatuie 50° 

Laurate 


7 85 

7 49 

Mt 

Myristate 

nWf n 

7 79 

7 64 


Palmitato 


7 81 

7 79 


Stearate 

■HI 

7 82 

7 81 

H 
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Solubility Data for Various Salts 


TABLL XX 


Solubility of Magnesium Sails in Amyl Acetate 



Salt 

1 1 

1 Solution 1 

1 

1 Soh 3nt. I 

fait 

in 100 gm 
solvent 

Temperature 15' 





gm ! 

gtn 

gm. ' 

gm 

Laurate 

0 0100 

S 39 

8 38 

0 119 

Mynstate 

0 0053 

8 41 

8 40 

0 063 

Palmitate 

0 0033 

8 43 

8 42 

0 039 

.''tearate 

0 0025 

8 42 

8 42 

0 029 


Temperature 25° 


Laurate 

0 0135 

8 31 

8 30 

0 162 

Myiistate 

0 0061 

8 35 

8 34 

0 073 

Palmitate 

0 0038 

8 37 

8 36 

0 045 

Stearate 

0 0027 

8 37 

8 37 

0 030 


Temperature 3-16° 


Laurate 

0 0214 

8 28 

8 26 

0 259 

Mjristate 

0 0087 

8 29 

8 28 

0 105 

Palmitate 

0 0047 

8 30 

8 30 

0 057 

Stearate 

0 0038 

8 29 

S 29 

0 046 

Temperature 50 

0 



Laurate 

0 1553 

8 16 

8 01 

1 939 

Mjnstato 

0 0491 

8 10 

8 11 

0 605 

P.ilmitato 

0 0176 

8 14 

8 12 

0 210 

Stearate 

0 0094 

S 17 

8 16 

0 115 


The barium salts were made by adding an alcoholic solution 
of Ba(0H)2 to the waim alcohohe solutions of the acids and then 
wasliing the precipitates formed with hot alcohol. Even upon 
exercising the greatest care, a small amount of BaCOs was formed 
and precipitated from the alcoholic solution, but on account of the 
very slight solubihty of the carbonate in the solvents used, no 
appreciable eiroi m the solubihty data is introduced from this 
source. 



IMtl.i; XM. 


Soluhilih/ of Itiiriiim i^alta in ll\i(( r. 


! 

IB 

1 Solution. 

Solvent. 

SnJt 

in 100 cm 
'>olvent. 

’roiiip('r.itiirc 1.).:!° 

1 


am. 

gtn. 

1 J>n. 

L.iur.ito.. . . 

0 ooos 

!) SO 

9 SO 

mSm 

Myrist.iti; . . 

0 0007 

9 90 

9.90 


I'.ilniit.itc 

0 0001 

9 90 


mBM 

SUMfiltC 

0 0001 

9 SO ' 

9. SO ! 

HI 

Ti'miier.iture .lO’ 




L.uirute 

0 0011 

9 77 

9 77 

0 on 

Myribtiitc 

0 0000 ' 

S 72 

S 72 

0 010 

P;ilniit;itc 

0 0007 ! 

9 SI 

9 SI 

0 007 

.Stearate j 

0 OOOG j 

9 SC 1 

9 SG 

' O.OOG 


TAELU XXn 


Salubililii of Uoriton SaU<i in Ethiji 

Alcohol (Ab'solutc). 






Salt 


Fait. 

Solution. 

Solvent. 

in 100 gm. 





solvent. 

Temperature IG 





ym 

ym. 

gm. 

gm 

Laurate 

0 OOOS 


7 S2 

■lllUjI 

Myristate 

0 0007 


7 84 


Palmitatc 

0 0007 

7. SI 

7 S4 


Stearate 

0 0005 

7 SI 

7 SI 


Temperature 2o 




Laurate , 

0 OOOS 

7 7S 

7.7S 

0 010 

-Myristate 

0 0009 

7 79 

7 79 

0.011 

Palmitatc 

0 0007 

7 7G 

7 76 


•Stearate 

0 OOOS 

7 79 

7 79 


Temperature 35“ 

Laurate 

0 0010 

7 72 

7 72 


Myristate 

0 0010 

7 73 

7 73 


Palmitatc 

■IHIllItUB 

7 73 

7 73 


.Stearate 


7 74 

7 74 

0 010 

Temperature 50“ 

Laurate 

0.0005 

7 60 

7.60 

0.007 

Myristate 

0 0003 

7.67 

7.67 


Palmitatc 

0 0003 

7.6S 

7.68 


.Stearate 

0.0002 

7.67 

7.67 
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Solubility Data for Various Salts 


TABLE XXm. 


Solubililu of Barium Salts in Methyl Alcohol. 



1 

Salt. 

Solution. ■ 

SoUent. 

Salt 

in 100 gm. 
solvent. 

Temperature 15‘ 

3 




gm. 1 

gm. 

gm. 

gm. 

Laurate . 

0.0066 

7.SS 

7.87 

0.084 

ilyristate . 

0.0045 

7.91 

7.91 

0.057 

Palmitate . 

0.0036 

7 91 

7.90 


Stearate . 

0 0033 

7 S9 

7. 89 

BQb 

Temperature 25' 




Laurate . . . | 

0.0075 i 

7.S4 

7.83 


Myriatate ! 

0 0055 

7 S4 

7.83 


Palmitate . . I 

0.0040 

7.S6 

7.86 


Stearate ’ 

0 003S 

7 85 

7.S4 

1 


Temperature 35' 




Laurate 


7.79 

7. 78 

1 0.121 

Myristate 

lEH 

7 79 

7.78 

0.087 

Palmitate . ... 



7.80 


Stearate . . 

!■ 

7.82 

7.82 


Temperature 50. c 

i° 



Laurate . . 

0 0124 

7 63 

7.62 

! 0.163 

Myristate 

0 00S3 

7 71- 

7.70 

0.108 

Palmitate 

0 OOGS 

7 71 

7.70 

1 O.OSS 

Stearate . 

0 0060 1 

7 76 

7 75 

0.077 


TABLE XXIV. 


Solubility of Barium Salts in Ether (Distilled over Sodium)'. 



j 


Salt 


Salt * Solution. 

j SoKent. 

In 100 Em. 


1 


solvent. 


Temperature 25° 



gm 1 

gm. 

gm. 

gm. 

Laurate 

0 0005 1 

6 97 

6 97 

0 007 

Myristate 

■jUilill 

0 97 

6 97 

0.003 

Palmitate . . j 


7 00 

7 00 

0.001 

Stearate 1 

1 


G 92 

G 92 

0.001 
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TAUl.i: x.w. 

Soliiliihttf Ilf liariiiin in Aiinjl AIluIuiI. 



silt. 

irolution. 


&llt 

in 100 gm. 
boKcnt. 

'lcni|)(T.i(iirf 2.) 

3 

null 



jUl 

gm 

gm. 

gm. 

L.iurAtc 

0 0007 

7 ■.).{ 

7.93 


M\natAtL' ... 

0 0007 

7 72 

7.72 


I’AlmitAte . . 

0 0001) 

7 9t 

7.91 


.^tc.'ir.'ite 

0 0000 

7.90 


BEH 


The lead salts were made by adding calculated amounts of lead 
acetate, dissolved in a mixture of alcohol and water to alcoholic 
solutions of the fatty acids'. The stearate and palmitate pre- 
dl)it:ttea' were washed hy decantation with boiling alcohol and 
finally on the filter. The laurate was washed with cold alcohol 
and the niyristatc recrystallized from boiling alcohol. The salts 
were all amorphous powders except the laurate which comes down 
crystalline. 


TAlll.l. .\.\\ 1. 

Solubility (f Lead Salts in Water. 



i-alt 

Solution 

^^ol\cnt. 

Salt 

in 100 gm. 
sohent 

Tciiijjoraf lire .35' 





1 

gm. 

gm 

1 

Laurate . 


9 S5 

9 85 


-Myristate 


9 S5 

9 85 

mi 

Palmitate 


9 S5 

9 85 

B 

.Stearate . 


9 S5 

9 85 

1 H 

'I'emperature 50' 

> 



Laurate 

0 0007 

9 82 

9 82 

0 007 

Myristate 

0 0000 

9 81 

9 81 

0 006 

Palmitate . 

0 0007 

9 84 

9 84 

0 007 

.Stearate 

0 OOOG 

9 S2 

9 82 

0 006 
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Solubility Data for Various Salts 


TABLE X\VII 


Solubility of Lead Salts tn Ethyl Alcohol {Absolute). 



s^u 

Solution. 

Solvent 

Salt 

in 100 gm 
solvent 

Temperature 25° 



Sm. 

gm. 

gm. 

Laurate 

0 0007 

7 80 

7 80 

0 009 

Myristate 

0 0003 


7 80 

0 OCW 

Palmitate 

0 0000 

7 80 

7 80 

0 000 

Stearate 

0 0000 

7 78 

7 78 

0 000 

Temperature 35° 

Laurate 

IB 

7 74 

7 74 

0 032 

Myristate 


7 73 

7 73 

0 004 

Palmitate 


7 74 

7 74 

0 001 

Stearate 

■a 

7 71 

7 71 

0 001 

Tempeiatuie 50 




Laurate 


7 67 

7 64 

IB 

Mj rifatate 


7 66 

7 66 

Bti8B 

Palmitate 


7 70 

7 70 


Stearate 


7 66 

7 66 
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rAHt.U xxviu. 


SnIiibilU)/ Ilf Lead Sall<i in Mtlhijl Alcohol. 






‘■alt 



.‘'oliitjon 

Solvent. 

in 100 gm. 
solvent. 


'IVmiKT.itiiro 15 5° 



gm. 

gm. 

gm. 

gvi. 

Laur.ite 

0 00 IS 


7 00 

■EH 

Myribtatc 

0 0011 


7 S7 


Palmitatc 

0 0010 

7 00 

hh 

lEH 

Stearate 

0 oon 

7 00 

Bl 

■I 


Tcinpcr.iturc 25° 


Lauratc 

0 0075 


7 81 

jj^QI 

MyribCate 

0 0061 


7 85 


Palmitatc 

0 0051 

7 S7 

7 80 


Stearate 

0 00-10 

7 82 

7 82 


Temperature 35 




Laurate 

H 

7 70 

9 

B 

Myristato 

wmA 


HI 

K ikW 

Palmitatc 

0 0050 



B 

Stearate 

0 OOIS 

7 SI 

7 81 

E 

Temperature 50° 

Laurate 

0 0210 

7 73 

7 71 

0 280 

Myristato 

0 0002 

7 70 


0 110 

Palmitatc 

0 0072 

7 72 

7 71 

0 003 

Stearate. . 

0 OOG-1 

7 73 

7 73 

0 083 


TABLE XXIX. 


Solubility of Lead Sails in Ellier {Distilled over Sodium). 



Salt 

Solution 

Solvent 

Salt 

ID 100 gm. 
solvent. 

Temperature 14 c 

° 




gm. 

gm. 

gm. 

gm 

Laurate . 

E 

7 04 



Myristate 

E 

0 00 

0 00 


Palmitatc 

B 

7 05 


0 010 

Stearate 

B B 9 

7 04 

7 04 
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Solubility Data for Various Salts 


T\BLE XXXIV. 


Solubility of Sihei Salti, tn Methyl Alcohol 



Salt 

Solution 

fcoU ent 

Salt 

in 100 gm 
solvent 

Temperature 15° 


gm 

gtn 

gm 

gm 

Laurate 

0 0058 

7 88 

7 87 

0 074 

Mynstate 

0 0050 

7 89 

7 89 


Palmitate 

0 0048 

7 91 

7 90 


Stearate 

0 0040 

7 91 

7 91 

UlU 


Temperature 25° 


Laurate 

0 0056 

7 84 

7 84 


Mynstate 

0 0053 

7 87 

7 86 

0 067 

Palmitate 

0 0046 

7 88 

7 88 

■(■AM 

Steal ate 

0 0041 

7 87 

7 87 



Temperature 35° 


Laurate 

0 0061 

7 78 

7 77 

0 078 

Mynstate 

0 0053 

7 80 ' 

7 80 

0 071 

Palmitate 

0 0048 

7 79 

7 79 

0 062 

Stearate 

0 0043 


7 79 

0 055 


Temperature 50° 


Laurate 

Mynstate 

Palmitate 

Stearate 

0 0004 

0 0056 

0 0051 

0 0046 

7 70 

7 72 

7 71 

7 71 

7 70 

7 71 

7 71 

7 71 

■ 

T4.BLE 

SoluhihUj of Siller Sails in Ethei {Distilled oici Sodium) 


«alt 

Solution 

SoUent 

Salt 

m 100 gm 
solvent 

Temperature 15° 

Laurate 

Mynstate 

Palmitate 

Stearate 

gm 

0 0007 

0 0006 

0 0006 

0 0005 

gm 

6 90 

7 02 

6 75 

7 0-J 

gm 

0 99 

7 02 

6 75 

7 04 

^3 ^1 
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CONCLU&IOXs, 

From tlio above tablo'i it i-^ ■''een (hat the solubility of all the 
salts of the four fatty acids in the various solvents tried is onb’ 
slight, but that cousitlerable difTcienccs arc found not onlj^ among 
the scvev.vl salts in t\\e sa^uc sulvcwt, Uwt al'-o for the same salts la 
the (lifTercnt solvents. 

The solubility in any case raieiy exceeds 1 per cent, but was 
found to vary between G per cent and virtual in.^olubility. hlcthjd 
alcohol was found to be the best general .solvent for this class of 
substances. 

The lithium salts were found to be about three times as soluble 
in methyl alcohol and acetone as the magnesium salts, wliile the 
latter are more soluble in ethyl alcohol than the former. 

It is also seen that the lithium salts are a great deal more soluble 
in water than the magnesium salts, but the difference is not a 
constant ratio for the different temperatures. 

The beryllium salts of the fattj' acids were made, but contrary 
to expectations we found that the basic salts, rather than the nor- 
mal, were formed. 




THE SEPARATION OF LAURIC AND MYRISTIC ACIDS 
FROM EACH OTHER AND FROM MIXTURES 
OF OTHER FATTY ACIDS.* 

liv C. A. JACOIiSOX AND AFGUST HOLMES. 

{From the licporlniciU oj Chcmmlnj, Uiiivcrsitij of Xcviida, Reno.) 

(Ueceived for puhliciition, Miirt-li l.j, 191G.) 

With the prccc-ding paper* as a basis, tlie authors have suc- 
ceeded in working out what appear to be practical methods for the 
isolation of lauric and inyristic acids when present in mixtures of 
the higher fatty acids. 

By waj’’ of introduction it should be said that, in general, all 
fatty acids occurring in nature may be classified in three main 
groups: the saturated, unsaturated, and hydroxy acids.- The 
acids of these three major groups may be subdivided into sub- 
groups, either with reference to properties or molecular structure. 
The saturated fatty acids are best adapted to a properly classifi- 
cation, while the acids of the other two groups may be classified 
with respect to their molecular structure. According to this 
grouping the hydroxy acids are subdivided into mono-, di-, tri-, 
etc., hydroxy acids, and the unsaturated acids into those having 
a double bond, such as oleic acid; a triple bond, such as stearolic 
.acid; and a double and triple bond, such as ricinstearolic acid. 
The property relations of these subgroups have not been worked 
out satisfactoril3^ 

The differential grouping of the saturated acids, with which 
this paper has to deal, is based on property relations, which may be 
formulated as follows: Group I, all the lower members up to and 
including caprylic acid. These are all capable of distillation at 

* This investigation was carried out at the Nevada Agricultural Experi- 
ment Station with funds obtained under the Adams Act. 

* Jacobson, C. A., and Holmes, A., J. Biol. Chem., 1916, xxv, 29. 

* This is on the assumption that the amino and other substituted fatty 
acids are excluded. 
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Laurie and Myristic Acids 


atmospheric pressure without decomposition, and are more or less 
easily soluble in water. The Reichert-Meissl number is a fairly 
accurate criterion for the quantity of Group I acids in a given 
sample. Group 2, all the acids between and including capric and 
stearic acids. These are more or less soluble in cold and hot 
90 per cent alcohol, but a regular gi-adation in solubility is found 
between the upper and lower members of the group. They can- 
not be distilled at ordinaiy pressures without decomposition, 
although they are volatile with steam. Group 3, all acids above 
stearic acid. They are practically insoluble in cold 90 per cent 
alcohol, and in general not volatile with steam. 

For the separation of the fatty acids into these groups, as well 
as for the isolation of individual members of each group, a large 
number of proposed methods are to be found in the literatiue. 
A discussion of all those not bearing more or less directly upon 
the separations in Group 2 of the saturated acids, will be omitted. 

This gi-ouping is arbitrary, and the authors have been unable 
to find any property that would exactly fit one group to the exclu- ' 
sion of those adjacent. To illustrate, if we were to distill a nux- 
tm'e of the saturated fatty acids of Groups 1 and 2, we should find 
that certain amounts of some of the so called soluble volatile fatty 
acids of Group 1 would remain behind, and certain fractions of a 
few of the acids of Group 2 would be found in the distillate. 

The Reichert-Wollny process® is perhaps the best for deter- 
mining the acids of Group 1, and the Gusserow-Varrentrapp, lead- 
salt-ether method'' the best for separating the unsaturated acids 
from the acids of tliis group. Various other methods for these 
separations have been proposed, but certain undesirable features 
accompany all of them. 

The quantitative separation of the acids of Group 2 from those 
of Group 3 of tins series is also fraught with considerable difficulty, 
but the method of dissolving in boiling 90 per cent alcohol and 
cooling to room temperature, using the proper concentration of the 
solution, would appear to be the best at present. 

For the separation of individual members of Group 2, to which 
lauric and myi-istic acids belong, various znethods have been pro- 
posed, such as the fractional precipitation of their salts, the frac- 

’ Reichert,, E., aud Wollny, R., .Inahjst, 1900, xxv, 309. 

* Varrentrrpp, F., Ann. C/iern., 1S40, xxxv, 197. 
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lioiuil (listilhitioii in vacuo of the acids, and of their inethjd and 
ethyl esters. 

Gscll’ worked out a method for separating capric acid from the 
other meml)ers of this group by making anhydrides of the acids 
in etliereal solution, dissolving in pyridine, and pouring this solu- 
tion into water, lie says the mi.\ed anhydride of capric acid will 
remain dissolved, while the normal anhydrides of the other acids 
will be precipitated. Lewlcowitsch*' attempted to make anhy- 
drides of these acids, but from his results he concluded that “the 
acid values found for the products of the interaction of acetic 
anhydride and fatty acids lose every quantitative meaning.” 

For the separation of stearic and palmitic acids, Kreis and 
Ilafner^ have worked out a moditication of Ilehner and Mitchell’s 
method,’ but it is not found to be entirely satisfactory. 

The authors tested out experimentally two well known methods 
for the separation of the fattj' acids in this group, but the results 
were far from satisfactory. The methods tried were Facchini and 
Dorta's,’ and Partheil and Feri(5’s.‘® The former method depends 
upon the difTcrence in solubility of the potassium soaps in acetone 
at different temperatures, while the latter depends upon the dif- 
ference in solubilitj’’ of the potassium .soaps in 50 per cent and 100 
per cent alcohol. 

Following are the results from the latter method: 0.500 gm. of 
each of lauric, myristic, palmitic, and stearic acids were dissolved 
in alcohol, neutralized with 0.2 n alcoholic potash, the volume was 
made up to 200 cc. and sufficient water added to bring the concen- 
tration of alcohol to 50 per cent by volume. The acids were precipi- 
tated by adding 10 per cent lithium acetate in 50 per cent alcoholic 
solution. The mi.xturc was then heated until all the salts passed 
into solution, and set aside to cool. The crystallized salts thus 
obtained were filtered off, giving Precipitate I in Table I, and the 
filtrate was treated with 10 per cent aqueous lead acetate, filtered, 
washed, and the fatty acids were liberated with hydrochloric acid. 

^ Gbell, J., Chem. ZciL, 1907, x.xxi, 100. 

^ Lewlcowitsch, J., Chem. Soc., 1890, Proc. 92. 

’ Kroi.s, H., and Ilafner, A., Ber. chem. Ges., 1903, xxxvi, 2766. 

® Hehner, O., and Mitchell, C. A., Analyst, 1896, xxi, 320. 

’ Facchini, S., andDorta, W., Chem. Ret). Fett.-u. Harz-Ind., 1912, -xix, 77. 

Partheil, A., and Ferili, F., Arch. Phaim., 1903, cc.xli, 545. 
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Laurie and Myristic Acids 


The acids thus obtained constitute Precipitate II. Precipitate I 
was boiled with absolute alcohol, the solution allowed to cool, the 
precipitate formed was filtered and washed, which constitutes 
Precipitate III. Precipitate IV was obtained by evaporating the 
filtrate from Precipitate III to dryness. 

The fatty acids of Precipitates II and III were liberated from 
their lithiiun soaps b}' hydrochloric acid, washed, dried, and 
weighed. The neutrahzation values of the acids from these pre- 


TABLE I. 



a. 

b 

C 

Precipitate 1. 




, ,/ Gm. 

\ Per cent 

1 300 

0.88S 

-1.092 

63.4 

(With 100 cc. 
absolute 
alcohol.) 

43.3 

(With 150 cc. 
absolute 
alcohol.) 

53.3 

(With 150 cc. 
absolute 
alcohol.) 

Precipitate II. 




Yield 

0 603 gm. 

0.996 gm. 

0.765 gm. 

Neutralization value 

266 

252.5 

258 

Per cent lauric acid 

60 

19 

35 

“ “ myristic “ . . . 

40 

81 

65 

Precipitate III. 




Yield 

0.940 gm. 

0.716 gm. 

0.913 gm. 

Neutralization value,. . . 

214 

207.9 

209.1 

Per cent stearic acid 

29 

52 

46 

“ “ palmitic “ 

71 

48 

54 

Precipitate IV. 




Yield 

0.339 gm. 

0.156 gm. 

0.149 gm. 

Neutraliifltion value 

232 

219 

236 

Per cent palmitic acid 

52 

100 

37 

“ “ m3'ristic “ 

48 

__ 
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cipitates were obtained and will also be found in Table I. It wa.s 
learned tliat the amount of litliium acetate added influenced tlie 
character of the soap mixtures in the different precipitates. Un- 
der Column a will be found the results obtained when a large ex- 
cess of lithiup acetate was added; under Column b, when 10 cc. 
of a 10 per c^t solution were added; and under Column c, when 
20 cc. of the acetate were used. 

The results lipre obtained indicate that no quantitative separa- 
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tioii can be obtaniccl by (In-, method, bnt that a binall amount of 
pure palmitic acid ua-^ isolated in Piecipitate IV by using 10 cc 
of lithium acetate solution and 150 ec. of absolute alcohol as the 
solvent. The jield, houevei, was only 31.2 jier cent m this case. 
The results fiom the method of Ruchini and Doi ta w'ei e no moi e 
encouraging. 

From an inspection of the solubility data of the salts of launc, 
myristic, palmitic, and steal ic .icids given in the pieceding paper,^ 
we learn that only two possible methods foi sepaiations appear. 
They areas follows. Fiist, it is shown that lithium lauiate is about 
five times as soluble in watei .is lithium myiistate, the next 
higher salt, at the foui tempeiatines investigated, and this sug- 
gests the possibility of extucting the laui.ite fiom a mixture of 
lithium salts with w.itei or the piccipit.ition of the three salts 
from water, letainmg the l.iuiate m solution Second, it is seen 
that the solubility' of magnesuim mynistate is about five times as 
great as iiiagncsium ii.dmitate m absolute alcohol at 15° and 25°, 
suggesting the possibility of sepaiating the myiistate fiom the two 
higher salts after the lauiic acid h.is been lemoved as the lithium 
salt by the foiegomg method 

To test these possibilities, the follow'ing experiments weie 
carried out. 

Experiment 1 .- — 0 j giii of each of the four fatty atids were weighed 
out, mixed, and dissolved in •strong ilcohol, and tiio solution was neutral- 
ized with 0 2 N alcoholiL pot.issiuni hydroxide The mixed acids had a 
neutralization value of 2313, calculited value for the mixture 235 8 
The alcohol was evajior ited olT and the soaps were taken up in 300 cc 
water, after which a calculated amount of lithium acetate was added to 
make the lithium salts The mixture was boiled, cooled, and filtered 
The precipitate thus obtained weighed 1 Go gm , or was a yield of 80 per 
cent The filtrate was evaporated to three-fourths of its volume, cooled, 
filtcicd, and the fatty acid liberated with dilute hydrochloric acid The 
acid, weighing 0 155 gm had a neutralization value of 271, whereas the 
corresponding value for 1 nine icid is 280 5 

These lesults suggested the possibility of a sepaiation by' this 
method upon varymg the conditions somewhat. 

Experiment 2. — Again, a mixture of 0 5 gm of each of the four acids 
was converted into potassium soaps and, after evaporating off the alcohol, 
was taken up in 400 cc of water and precipitated with a slight excess of 
lithium acetate solution In this case the precipitated lithium salts 
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weighed 1.562 gm., equivalent to 1.527 gin. of acid mixture, which was 
76.3 per cent of the original acid mixture, whereas 75 per cent should have 
been obtained if the separation had been perfect. 

The filtrate was concentrated to one-half its volume, cooled, and fil- 
tered, yie'ding a precipitate weighing 0.20S gm., and the acid obtained 
from this precipitate yielded a neutralization value of 278.3, and had a 
melting point of 43.2°, whereas the acid obtained by evaporating the fil- 
trate to dryness gave a neutralization value of 271.2 and the same melting 
point. Calculated for lauric acid: 280.5 and 43.6° respectively. 

The water-insoluble salts from this separation yielded an acid mi.xture 
having a neutralization value of 217.5, whereas a mixture of equal quanti- 
ties of mj-ristic, palmitic, and stearic acids gives a neutralization value of 
220.9. 

It rvas next tried to separate myristic acid from a mixture of 
the three higher acids of this group fcy means of the difference in 
the solubility of their magnesium salts in absolute alcohol, but 
the e.xperiments resulted unsuccessfully, doubtless because of the 
influence of one salt exerted upon the solubility of the others, in 
this solvent. Instead of absolute alcohol, 50 per cent alcohol was 
used as the medium in which the precipitation of the magnesium 
salts was carried out, according to the conditions given in the fol- 
lowing e.xperiment. 

Experiment 3. — 0.3 gm. each of magnesium myristate, palmitate, and 
stearate were digested with 60 cc. of 50 per cent alcohol for 2 hours at 
60°. then cooled, and filtered. The fatty acids were liberated from the fil- 
trate, washed, dried, and weighed, giving 0.270 gm. with a melting point 
of 48.6° and a neutralization value of 243. Since the yield was only about 
one-half of what it should be, the insoluble salts were again extracted 
with alcohol in the same manner, yielding an insoluble residue weighing 
0.92S gm. This time the acids were liberated from the insoluble residue 
and after being reorystallized from 60 per cent alcohol showed a melting 
point of 56,5° and a neutralization value of 209.3. Calculated for a mix- 
ture of equal parts of stearic and palmitic acids : 56.4° and 208.3 respectively. 

The acids obtained from this insoluble residue must therefore 
be a mixture of equal quantities of stearic and palmitic acids, 
showing that the myristic acid had been almost completely 
removed. 

A subsequent experiment using 100 cc. of 50 per cent alcohol did 
not jdeld as good results as the foregoing but a fairly good sepa- 
ration rvas effected. 

During the course of the investigation it was noticed that after 
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iieutrali/.ing an alcoholic .'-olution of these fatty acids with alco- 
holic potassium hydroxide, and allowing the solution to stand 
over night, a white crystalline and a gelatinous precipitate ap- 
peared in the llask the next morning. These two weie so dif- 
ferent in properties that they could be separated by decantation, 
but upon investieation it was found that both forms jdelded prac- 
tically the same fatty acid mixture. Whether the}* represented 
allotropic modifications or simply crystalline and colloidal 
forms of the pota-sium .'-alts of the fatty acid mixture was left 
undetermined. 


CO.XCIA'.SIO.N*. 

In the present jiaper the authors have presented a method for the 
separation of lauric acid when present in a mixtme of mjTistic, 
palmitic, and stearic acids, and a method for the reparation of 
myristic acid from a mixture in which it occurs, together with 
palmitic and stearic acids. The-e methods arc based upon the 
differences of the solubility of their lithium and magnesium salts 
in water and 50 per cent alcohol. 




CHANGES IN THE H+ AND OH" CONCENTRATION 
WHICH TAKE PLACE IN THE FORMATION 
OF CERTAIN PROTEIN COMPOUNDS. 

Hy carl L. a. SCHMIDT. 

(I'nim the Rudolph Rprcchelti l‘hijsiologieal Laboratory of the University of 
California, IScrkclcy.) 

(RccoivL'd for piiblif.-ilion. l'V)>ri)iiiy 20, 1916.) 

It luis been known for some time that certain proteins com- 
bine with other j)rotciiis to form compound proteins. KosseF 
states that the protamines in wcaklj- alkaline solutions combine 
with proteins to form compounds which precipitate under proper 
conditions. Kutschcr,- working with albumoses obtained from 
Witte’s peptone prepared compounds not only with protamine 
but also with various other proteins. While studying the prop- 
erties of the histones, Bang’ was able to confirm the observations 
of Kutscher and further showed that various members of this 
group combine with proteins to form compounds. Kossel and 
Kutscher^ surmised that histones (on account of the high content 
of basic substances) might be a combination of protamine with 
other proteins but later Kos.scI and Pringle^ showed that this view 
was incorrect since. in the first step in the peptic digestion of 
histones, Jiistopeptone is fonned, whcj-cas protamine-protein 
combinations arc split into protamine and protein. Hunter** 
prepared a number of compounds of protamine with various pro- 
teins, such combinations as clupein-casein, clupein-gelatin, and 
clupein-edestin being obtained. He further determined the pro- 
portion of the two substances which unite to form the compound 
protein. Gay and Robertson,’ studying the antigenic properties of 

‘ Kossel, A., Deulsch. vied. Woch., 1894, xx, 147. 

- Kutscher, F., Z. physiol. Chein., 1897, xxiii, 115. 

’ Bang, I., Z. physiol. Chem., 1899, x.\vii, 463. 

* Kossel, A., and Kutscher, F., Z. physiol. Chem., 1900-01, xxxi, 165. 

Kossel, A., and Pringle, 11., Z. physiol. Chem., 1906, xlix, 301. 

' Hunter, A.-, Z. physiol. Chem., 1907, liii, 526. 

' Gay, F. P., and Robertson, T. B., J. Exp. Med., 1912, xvi, 479. 
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Changes in H+ and OH" Concentration 


The' method used to determine the H+ concentrations was 
essentially the same as used by Robertson^°’“^ and Robertson 
and Schmidt,-- and described by Schmidt and Finger*® and Rob- 
ertson.-* Hydrogen was generated by the electrolysis of a 6 
per cent by volume solution of concentrated H 2 SO 4 and passed 
over heated platinized asbestos to rid it of anj^ oxygen or oxygen 
compounds. The hydrogen then passed thi’ough the solution at 
two points, through a nozzle at the bottom of the cell and 



through a Cottrell gauze electrode.*®- In this way the three 
. phases, platinum, hydrogen, and solution were brought into inti- 
mate contact. A calomel electrode, using 0.1 w KCl, was 
used as the other extremity of the chain. The apparatus is 
shown in Fig. 1. A is the gauze electrode dipping into the solu- 

Robertson, Dio pbysikalische Chcmie cler Proteine, Dresden, 1912, IIT- 

Robertson, .7. phys. Chcm., 1907, xi, 442. Loomis, N. E., Dissert.ition, 
Johns Hopkins Univ., 1911, 22. Loomis, X. E., and Acreo, S. F., Am. 
Chem. J., 1911, xlvi, 602. 

Richards, T. W., /?. phijsih. Chem., 1S97, x\i%', 39. 
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tioii contained in cell li, 1) a l)eaUcr containing 0.1 x KGl, and 
F the calomel elect loile. Connection with cell B i*, made In* 
means of an agar tube .•'atmated with KCl which eliminatc& con- 
tact potential.-'--'’ To eliminate contamination of the solution 
in cell B, the .■'toi)-cock connecting the '1(10 arm with the cell was 
kept closed e.'cceiit during the measurement of the potential and 
likewi.se the agar tube was dipped into the solution in the side 
arm only while leadings were being taken. Through a hole in 
the stopper of cell B any amourtt of a solution “b" could be intro- 
duced. Mca.smement of the potential was made on a 100 cm. 
bridge using a sensitive Leeds and Xorthrup galvanometer-’ as 
zero instrument. Three Edison-Lalande cells connected in series 
furnished current through the iiotentiomcter wire and the e.m.f. 
was checked against a Weston cell after each reading. The pro- 
tein .'olutions “a” and "b" as well as the gauze electrode were 
separately saturated with hydrogen before bringing them to- 
gether, the necessity for this having been shown by Robertson’® 
and bj- Desha and Acree.” Ilj’drogen was allowed to bubble 
through the solution from 45 to 60 minutes before determining 
the E.it.i’., and this was likewise done after each addition of 
solution “b”. All determinations were made at room tempera- 
ture. To prevent foaming a few drops of octyl alcohol were 
floated on the surface of the solution in B after the introduction 
of the electrode. The H’’" and OH~ concentrations corresponding 
to the E.M.r.’s were taken from tables previously calculated by 
Schmidt.’^ 

Since it is not feasible to determine H+ or OH“ concentrations 
in ammoniacal solutions by means of the gas chain, the e.xperi- 

-■ Bjerrinn, X , Z physik Chem , WO.'j, liii, t2S Looinib, X E , Dis- 
seitatioii, .Johiib II(,ipkmb I'niv , 1911, 31 Loomib, X E, and .Veree, 
•S. F , .Im. Clieiii ./., 1911, \lvi, jS.I Claik, F. 1\ , !Myers, C X , and 
.Icrec, S. F., J. phijis. Chain , 191G, vx, 341. Bjeirum, Z Elecii ochem , 
1911, wii, 3S9. .See .ilso Cumniin};, A. C , and .\begg, R , Z Elcch ochem , 
1907, \iii, 17. 

** Tins may not be .strictlj tiuc, but since we aie not concerned with 
absolute values but merely with changes in voltage this factor may be 
neglected. 

Kindly loaned by the Physics Dcpaitnient 

Desha, L. .J , and Acree, S F , .Iw Chem. J , 1911, \lvi, G3S 

Schmidt, C L .V , Unii Cnliforma Publications. Physiology 1005-10, 
ui, 101. 
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ments were made with compounds of globin. As stated by Bang’ 
and Robertson, 8 precipitation of the compound protein takes 
place in slight excess of NaOH or KOH. Globin was prepared 
according to a modification of the method described by Robert- 
son.” Two preparations were made, one precipitated by NH4C 
from an ammoniacal solution and the other by alcohol and 
ether from HCl solution. These correspond to Preparations I 
and II described by Robertson. Preparation II is soluble in 
water without addition of acid or alkali. The casein employe 
was Eimer and Amend’s {“nach Hammarsten”) which had been 


further purified according to Robertson.” Deuteroalbumose was 
made from Witte’s peptone as described by Kutscher.- T e 
nucleic acid was a preparation extracted by Dr. A. E. Tay or 
from the sperm of the Pacific Coast salmon (probably according 
to the method of Altmann).^® The bile salts were preparec 


from ox bile according to the method of Plattner.” 

The following is a tabular representation of the results 0 
tained in the experiment. In the first column are given the vo - 
limes of the titrating solution “h" which were added to a given 
amount of solution “o”. The second column shows the e.m.^ 
determined after the establishment of equilibrium. The an 
OH“ concentrations corresponding to the e.m.f.’s are given m 
the next two columns. In the last column are given the calcu- 
lated possible errors in determining the H+ concentration on the 
assumption that the determination of the e.m.f.’s was accurate to 


a millivolt. 

Cmwes showing either the change in the H+ or the OH con 
centration which took place during the titration as determined bj 
experiment are plotted and given below. These will be referre 
to as titration cmwes. The first experiments were carried out to 
determine what effect was produced on the H+’ concentration by 
simple dilution and by salting out with those salts which might 
be formed as intermediate products of the reaction; so that, 1 
possible, a distinction Between salting out and true protein com- 


Robertson, J. Biol. Chem., 1912-13, xiii, 455. 

» Robertson, J. Biol. Chem., 1905-07, ii, 317; J. phys. Chem., 
xiv, 534. 

Plattncr, E. A., J. prakt. Chein.j 1S47, xl, 129. 
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pound formation ini-tht Ijo made. Tlio results arc given in Tables 
I, II, and III and shown graphically in Fig. 2. The change in 
11+ concentration is a direct function of the titrating solution 
and the curves are straight lines, despite the fact that with both 
NIhCl and KC! a precipitate i.-> obtained. In these instances 
we apparently have either a purely phy.sical phenomenon ora 
chemical one which involve.-? no siuklen change in the H~ con- 
centration such as to give a break in the curve. The precipi- 
tation of proteins by inorganic .sdts ha.s been .studied e.vtensively 



T.VDLi: I. 

Titration of Alkaline Glohin (Preparation I) Hulation with Wafer 


Concentration of globin, 0.5 per cent. 0.25 gni. globin dissolved by S cc 
0.1 K KOII, then titrated back with 7 cc. 0 1 v HCl. 50 cc. globin solu- 
tion titrated. Xo precipitate produced 


1 

H:0 added. 

1 

K W.F. 

ri+ i 

1 

OH- 

Possible error 
in H-f- 

cc. 

r fUs 


• ' 


0 

0 SOI 

0 S0X10-’ 

0 S0X10-* 

=t0 06X10-* 

1 

0 850 

0 9SX 10-’ 

0 65XI0-’ 

0 08X10-* 

5 

0 850 

0 12X10-'* 

5 3 X10-’ 

0 01X10-* 

10 

0 842 I 

0 17X10-* 

3 8 XlO-* 

0 0IXI0-* 

15 

0 S30 

0 28X10-’ 

2 3 X10-’ 

0 03X10-* 

20 

0 827 

0 31X10-* 

2 1 XI0-* 

0 02X10-’ 

25 

0 S25 

0 34X10-* 

1 9 X10-’ 

0 03X10-* 
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TABLE II. 

Titralion of Alkaline Globiii {Pi eparalion I) Solulion uilh a Saturated 

Solution of KCl. 


Concent! ation of globin, 0.5 per cent. 0 25 gm globin dissolved by 8 cc. 
0.1 N KOH, then titrated back with 7 cc. 0.1 x HCl. 50 cc globin solution 
titrated Precipitate produced 


KCl solu- 
tion added 

! E M F. 

i 

H- 

I OH- 

Possible error 

in 

cc 

zolis 




0 

0 867 

1 0 63X10-’ 

1 0 X10-’ 

=0 05X10-’ 

1 

0 859 

0 S7X10-’ 

0 74X10-5 

0 07X10-’ 

2 

0 859 

0 S7X10-’ 

0 74X10-’ 

0 07X10-’ 

3 

0 853 

0 llXlO-s 

5 8 X10-’ 

0. 01X10-’ 

4 1 

0 847 

0 14X10-’ 

4 6 X10-’ 

0 01X10-’ 

o ' 

0 842 

0 17X10-’ 

3 8 X10-’ 

0 01X10-’ 

6 

0 837 

0 21X10-’ 

3 1 X10-’ 

0 02X10-’ 

7 

0 834 

0 24X10-’ 

2 7 X10-’ ! 

0 02X10-’ 


TABLE III. 

Titration of Alkaline Globin {Preparation I) Solution with a 0.25 Per Cent 
Solution of yHiCl. 


Concentration of globin. 0 5 per cent. 0 25 gm globin dissolved by S cc. 
0.1 X KOH, then titrated back with 7 cc 0.1 x HCl. 50 cc. globin solution 
titrated. Precipitate pioduced 


NHtCl solu- 
tion added 

E 5r F 

1 

H- 1 

OH~ 

Possible error 
in H"*" 

cc 

0 

zolls 

0 927 

j 

0 oSXlO-*^’ 1 

1 1 xio-< 

05X10-” 

0 5 

0 911 

0 11X10-’ 

5 8 X10-- 

0 01X10-’ 

1 0 

0 893 

0 22X10-’ 

2 9 XIO- 

0 01X10-’ 

1 5 

0 874 

0 48X10-’ 

1 3 XIO- 

0 04X10-’ 

2 0 

0 869 

0 58X10-’ 

1 1 XIO- 

0 04X10-’ 

2 5 

0 868 

0 61X10-’ 

1 1 XIO- 

0 05X10-’ 

3 0 

0 857 

0 94X10-’ 

0 68X10-5 

0 07X10-’ 

3 5 

0 859 

0 S7X10-’ 

0 74X10— 

0 07X10-’ 

4 5 

0 848 

0 13X10-’ 

4 9 X10-’ 

0 01X10-’ 

5.5 

0 843 

0 17X10-’ 

3 9 X10-’ 

0 02X10-’ 

7 5 

0 835 

0 23X10-’ 

2 8 X10-’ 

0 02X10-’ 

9.5 

0 831 

0 27X10-’ 

2 4 XIO-* 

0 03X10-’ 

14 5 

0.81l\ 

0 43X10-* 

1 5 X10-’ 

0 03X10-’ 
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by Iluniy,^ Pauli/ ilofmoiblcr,^^ Galeotti,^^ and many others, 
ami is liiscusseii at leiif'th b3' Robertson.” 

The titration of ^lobin in acid and alkali solutions by alkali and 
acid rc-pectivcly was next studietl. For this purpose Prepara- 
tion I, dissolved by a Miiall amount of alkali, and Preparation II, 
which is water-soluble and acid in reaction, were used. During 
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the titration the protein was precipitated and ledissolved by 
excess of acid or alkali respectively. The results are given in 

“ Hardy, W. B., ./. Physiol , 1905-00, 251 

Pauli, W., Bair. chan. Phys u Path , 1906, vii, 531 
’’ Hofmeister, F., Arch exp. Path, 1888, xxiv, 247; 1889, -xxv, 1; 1890, 
xxvii, 395; 1891, xxviu, 210. 

Galeotti, G., Z. physiol. Chem , 1903-04, xl, 492, 1904, xlii, 330. 
Robertson, Die physikalische Chenuc der Proteme, Dresden, 1912, 84. 
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TABLE Vil. 

Titration of Alkaline Glohin {Preparation I) Solution with a Solution of 
Casein {Neutral to Litmus). 

Concentration of globin, 0.5 per cent. 0.25 gm. globin dissolved by 8 
cc. 0.1 N KOH, then titrated back with 7.1 cc. 0.1 N HCl. 50 cc. globin 
solution titrated. Concentration of casein in titrating solution, 0.5 per 
cent. 0.25 gm. casein dissolved by 3 cc. 0.1 n KOH, then titrated back 
with 1.5 cc. 0.1 X HCl. Slight precipitate produced. 


Casein solu- 
tion added 

E M F. 

H+ 

OH- 

1 

Possible error 
inH+ 

cc. 

0 

tolts 

' 0 843 

0. 17X10-* 

3 9 X10-* 

±0.02X10-* 

1 

J 0 833 

0. 24X10-* 1 

2 6 X10-“ 

0. 01X10-* 

2 

0 831 

0 26X10-* 1 

2 4 X10~* 

0. 02X10-* 

3 

0.821 

0 40X10-* 

1.6 X10-* 

0. 03X10-* 

4 


0 41X10-* 

1.6 X10-= 

0. 03X10-* 

5 

1 0 818 

0. 45X10-* 

1.4 X10-* 

0. 04X10-* 

10 


0. 78X10-* 

0 82X10-* 

0. 06X10-* 

15 

0 803 1 

0 81X10-* 

1 0 79X10-* 

1 0. 06X10-* 

25 

1 

I 0 SOI 

0 88X10-* 

1 0 73X10-® 

1 

1 0.07X10-3 

1 



As previously stated, both Bang and Robertson obtained com- 
pounds of globin and casein which they state were precipitated 
in alkaline solution. On attempting to duplicate this work, no 
precipitate was obtained though a compound between globin and 
casein is formed as shown by the data in Tables VI and VII and 
represented graphically in Fig. 5. The compound formed is ap- 
parently soluble. However, on titrating an acid solution of 
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globin witli ;i t-oIiUioii of casein (neutral to i)lieiiolphthalein) a 
precipitate was obtained and the titrating curve (see data in 
Table VIII and Fie;. G) .sliow.s that a compound was formed. 

TMU.i; VIII. 

Titration of Acid (Hohin (/'. cpariition II) t^oliition in tit a Solution of Casein. 


Conri.’iilratioii()f Klobiii, 0.2 per cent. Olobindibbolvcd in water and 1 cc. 
O.I \ .VaOlI added. Coneentralion of ea'<eiu (neutral to phenolphthalein), 
0..') per cent. .'.O ee. elobiii bolnlion titrated. Precipitate produced. 


C.i4>c»n solu- 
tion aildcd. 

1 

I..M r. 

IJ-T- 

1 

on- 

Possible error 
inn+ 

cv. 

0 

0 oo J i 

0 I.SXIO-I 

3 5 X10-‘‘ 

±0 01X10-5 

I 

0 ,'>77 

0 G7X10-' 

0 OOXIO-'" 

0 03X10-' 

•) 

0 GOD 

0 19X10-' 

3 1 X10-‘“ 

0 01X10-' 

•1 

0 Git 

0 15X10-' 

1 2 X10-“> 

0 01X10-' 

G 

0 G2.i 

0.11X10-' 

0 0 xio-"> 

0 01X10-' 

S 

0 G:t7 

0 01 X 10-5 

1 1 XlO-5 

0 03X10-5 

U 

0 GoO 

0 30X10-5 

1 s xio-5 

0 02X10-5 

IG i 

0 GS,j 

0.90X10-« 

0.71X10-5 

0.04X10-5 

21 

0 707 

0 37X10-5 

1 7 XlO-5 

0 03X10-' 


cc 


Titrdticn cf 


9BB8 


i 




SSI 

■■ 





1 


1 


/ 






■Bl 







to JO .IS iO 35 

Jicreate OH' ccncenlraUcn 


Fio. 0. 


Apparently Robertson had used Globin Preparation II, which, 
being precipitated from an acid solution by alcohol and ether, 
was the acid compound of globin; and by dissolving in weak alkah, 
Robertson had merely partly neutralized the acid combined with 
the globin (not enough to cause pi-ecipitation of the globin) so 
that his solution was still acid, instead of alkahne as one is led to 
believe from his description. This was likewise true of the work 
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of Bang, who prepared globin according to the method of Schulzd- 
Determination of the initial acidity of the globin solution would 
have served as a criterion for the duplication of the rvork. 

TABLE IX. 

Tiliutioii of Acid Globin {Prepaialion II) Solution with a Solution of 
Sodium Xucleatc. 

Concentration of globin, 0.2 per cent. Globin dissolved in water with- 
out addition of acid or alkali. Concentration of nucleic acid, 0.4 per cent. 
Nucleic acid neutralized by NaOH. 50 cc. globin solution titrated. Pre- 
cipitate produced. 


Sodium nu- 
cIoAte solu- 
tion added. 

E M F. 

H+ 

OH- 

Possible error 
in h4 

« 

0 

tolls 

0 4SS 

0 23X10-= 

2 S X10-‘= 

±0.01X10-= 

1 

0 486 

0 25X10-= 

2 5 X10-'= 

0.01X10-= 

4 

0 504 

0 12X10-= 

5 2 X10->= 

0 01X10-= 


0 525 

0 53X10-= 

1 2 X10-" 

0.02X10-= 

12 

0 530 

0 34X10-= 

1 9 XIO-" 

0.02X10-= 

1(3 

0 560 

0 13X10-= 

4 9 X10-" 

0.01X10-= 

20 

0 572 

0 S2X10-* 

0 -sxio-'o 

0 03X10-= 

2.) 

0 585 

0 49X10-= 

1 3 Xl0-‘» 

0 03X10-' 



cholic acid, precipitation taking place in an acid solution. The 
titration ^urve of globin with nucleic acid (see Table IX and 
Fig. 7) is very similar to that obtained on titration of acid glo- 


Schulz, i^. N , Z physiol Chem., 1S98, xxiv, 449. 












G. L. A. Schmidt 


77 


bin with casein. Tlie titration curve of ucid globin with bile salts 
(see Tables X and XI, and Fig. S) .shows a sharp break at the 

T.vurx X. 

ritrtilum Ilf Aciil (ihihiii (Pri'piiralion II) Siiluliun with a Soluliun of Bile 

Sitlh. 


Coiicciifratioii of alebiii, 0.- per cent. Ololiiii dibholvecl in w.iter witii- 
out addition of acid or alkali. Concentration of bile salts in aqueous 
solution, 0. t per cent. Precipitate produced 


XUlc Kills 
toluUon 
added. 

1 .. 1 I r. 

n^ 

011“ 

I'ossiblo error 
in H+ 

cr, 

0 

mil 

0 27X10-= 

2 3 X10-‘= 

===0 01X10-= 

2 


0 10X10-= 

1 1 xio-‘= 

0 01X10-= 

4 


0 13X10'= 

5 0 X10-'= 

0 01X10-= 

o 


0 11X10'= 

o 9 X10-‘= 

0 01X10-= 

7 

0 on 

0 93X10-= 

0 09X10-" 

0 04X10-= 


O.oOS 

0 11X10-= 

0 1 xio->= 

0 01X10-= 

13 

0 ol2 

0 89X10-= 

0 72X10-" 

0.04X10-= 

10 

0 .jI7 

0 73X10-= 

0 SSX10-" 

0 03X10-= 

21 

0 r>io 

0 29X10-= 

2 2 X10-" 

0 01X10-= 


T.VULC Xt. 

TitraiioiL of Acid Globiii {Preparation II) Solution with a Solution of Bile 

Salts. 

Concentration of alobin, 0.2 per cent. Globin dissolved in water with- 
out addition of acid or alkali. Concentration of bile salts in aqueous so- 
lution, 0.4 per cent. Several drops 0 I n NaOH added to the solution of 
bile salts to make it slightly alkaline. Precipitate produced during 
titration. 


Bi!o salts 
t>oluUon 
added. 

b M.F. 

n+ 

OH" 

Posaible error 
m H+ 

cc. 

0 

zoUi 

0 515 , 

0 79X10-= 

0 81X10-" 

±0 04X10-= 

2 

0 521 

0 03X10-= 1 

1 0 X10-" 

0 03X10-= 

5 

0 525 

0.53X10-= 

1 2 Xl0-=> 

0 02X10-= 

8 

0 524 

0 55X10-= 

[ 1 2 X10-" 

0 02X10-= 

10 

0 520 

0 51X10-= 

1 3 X10-" 

0.02X10-= 

13 

0 532 

0 40X10-= 

1 6 X10-" 

0 02X10-= 

17 ' 

0 530 

0 34X10-= 

1 9 Xl0-‘= 

0 02X40-= 

21 

0 542 

0 27X10-= 

2 4 X10-" 

0 01X10-= 

25 

0 54S 

0 21X10-= 

' 3 0 X10-" 

0 01X10-= 










78 


Changes in and OH Concentration 



point where the compound protein starts ^to precipitate, and the 
slope of the curve changes. This is to be expected since we are 
titrating with a mixtm’e of two salts, sodium taurocholate and 
sodium glycocoUate. Globin also forms a compound wth 
deuteroalbumose, the latter acting as a weak acid. The titration 
curve (Fig. 9 and Table XII) indicates the formation of a com- 
pound, the proportion being roughly two parts of globin to one of 
albumose. 


TABLE XII. 

Tilralmn of Alkaline Globin {Preparation I) Solidiun with a Solution of 

Deuteroalbumose. 

Concentration of globin, 0.5 per cent. 0.25 gin. globin dissolved by S 
cc. 0.1 X KOH. then titrated back with 7.1 cc. 0.1 x HCl. Concentration 
of deuteroalbumose, 0.6 per cent. 50 cc. globin solution titrated. Pre- 
cipitate produced. 


Albumose 

solution 

added. 

E.M.F. 


OH- 

Possible error 
in Hd* 

cc. 

volU 




0 

0 S35 

0 23X10-S 

2 SXIO-’' 

±0.02X10-= 

1 


0 54X10-S 

1 2X10-= 

0 04X10-* 

2 


0 13X10-’ 

5 1X10-’ 

0 01X10-’ 

4 

0 793 

0 12X10-’ 

5 3X10-’ 

0. 01X10-’ 

7 

0 792 

0 13X10-’ 

5 1X10-’ 

0. 01X10-’ 

lo 


0 16X10-’ 

4 0X10-’ 

0. 01X10-’ 

20 

0 779 

0 21X10-’ 

3 0X10-’ 

0. 01X10-’ 
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I'lG. 9. 

CUMMAHV. 

1. Use of the gas chain has been made to follow the cjianges in 
the 11+ and Oil" concentration in titrating acid and alkaline solu- 
tions of globin with solutions of other proteins and of precipitating 
inorganic salts. 

2. Titration curves showing the changes in H+ and OH~ con- 
centration during titration have been plotted which indicate that 
true protein compounds of globin ai-e formed, some of which may 
precipitate at a proper acidity or alkalinity, while others may be 
soluble. 

3. A distinction can be made by means of the gas chain between 
the .«alting out of globin from solution by inorganic salts and the 
precipitation of a compound protein. 

4. Determination of the H+ or OH~ concentration in protein 
solutions used in the preparation of compound proteins serves as 
a criterion for the duplication of such work. 

I am indebted to Profe.ssors F. P. Gay and T. Brailsford Rob- 
ertson for the interest taken in this work, and to the George Wil- 
liams Hooper Foundation for Medical Research for financial aid 
in carrying out the investigation. 




THE FATE OF NORMAL a-AMINOCAPROIC ACID IN THE 
PHLORHIZINIZED DOG. 

Hy ISIDOll GHEENWALD. 

{From the Ifarriiiiaii Ilc.^corch Lahonilory, Ilooreeclt Ilosjiilal, New York.) 
(llecoivcd for |)ul>Iication, March 21, 191G.) 

As ;i result of Ihe work of Lusk,' Ringer,' and Dakin,- we laiow 
that a number of the amino-acids obtained from proteins can give 
rise to an increased excretion of glucose when administeredto 
phlorhizinized dogs. One of the amino-acids that has not yet 
been investigated is normal a-aminocaproic acid, or norleucine, 
first isolated from brain tLsuc bj' Abderhalden and Weil.^ 

It is the purpose of tins paper to present the results of an at- 
tempt to ascertain the effect of the administration of this sub- 
stance upon the c.xcretion of nitrogen and glucose in the phlor- 
hizinized dog. Two experiments were made with each of the 
dextrorotatory and racemic acids and one with the levorotatory 
acid. 

EXPEHIMENTAL. 

Pldorhizin was administered in daily doses of 1 gm. each in 
7 or 8 cc. of cottonseed oil. In Experiment 5 the dog was pre- 
pared rvith epinephrin, as recommended by Sansum and Wood- 
yatt.'* The urine was collected by catheter and the bladder 
washed with sterile 2 per cent boric acid solution at 12 hour in- 
tervals. Glucose was determined according to Benedict,^ by 
polarization before and after fermentation and by fermentation 
(Lohnstein), gross urea nitrogen by the urease method,® and 

’ Literature reviewed by Lusk, G., Ergebn. Physiol., 1912, xii, 315. 

^ Dakin, H. D., Biol. Chcin., 1913, xiv, 321. 

’ Abderhalden, E., and Weil, A., Z. physiol. Chem., 1913, Ixx.xiv, 39. 

^ Sansum, W. D., and Woodyatt, B. T., J. Biol. Chem., 1915, xxi, 1. 

‘ Benedict, S. R., J . Biol. Chem., 1911, ix, 57. 

“ It should be noted that it was necessary to allow a much longer time 
(3 hours) for the action of the urease in these urines than is recommended 
by Plimmer and Skelton {Biochem. J., 1914, viii, 70). 
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aminonitrogen by the method of Benedict and iSIurlin.^ In all 
but Experiment 5 the acetone was determined by titration with 
iodine after distillation and the /S-hydroxybutyric acid by Shaf- 
fer’s method applied to the ethereal extract. In Experiment 5 
Shaffer’s method* -was used directly. 

Preparation of the Normal a-Aminocaproic Add. — ^The amino- 
acid was prepared b 3 ' the method described by Abderhalden, 
Froehlich, and Fuchs.® There were obtained 290 gm. of bromo- 
caproic acid from 192 gm. of caproic acid but onl 3 ’- 60 gm. of re- 
crystallized normal a-aminocaproic acid. This is a much smaller 
yield than that reported by Abderhalden, Froehlich, and Fuchs. 
The melting point given by them is 297-300°. This preparation 
melted at 294^296° and contained 10.55 per cent nitrogen (calcu- 
lated, 10.66 per cent). The formyl derivative was then prepared 
and the optical isomers separated by means of their brucine salts. 
The free amino-acids were isolated in the usual maimer. 

Normal d-a-Aminocaproic Acid. — 0.5427 gm. in 12.5 cc. HCl 
(s.g. 1.11), in a 2 dm. tube, rotated the plane of polarization 
-h 1.48°, [a]n + 17.05°. The substance was, therefore, made up of 
84.1 per cent pure d-acid and 15.9 per cent Z-aeid.^® 

Normal l-a-Aminocaproic Add. — 0.4823 gm. in 12.5 cc. HCl 
(s.g. 1.11), in a 2 dm. tube, rotated the plane of polarization 
— 1.74°, [a]o — 22.6°. This preparation was, therefore, 91.6 per 
cent pure Z-acid and 8.4 per cent d-acid.*® 

The amino-acid was administered subcutaneousl 3 '’ in three or 
four doses at intervals of 1 or 2 hours. Attempts were made to 
isolate unchanged amino-acid from the urine b 3 ’' means of its in- 
soluble copper salt. In onl 3 ^ one experiment was this successful. 
In calculating the amount of glucose derived from the adminis- 
tered substance, it was assumed, as it has been by previous 
workers, that all of the nitrogen of the amino-acid appeared 
in the urine in the experimental period, or in that immediately 
following. 


■ Benedict, S. R., and Murlin, J. R., J. Biol. Chem., 1913-14, xvi, 3SG. 
s Shaffer, P. A., and Marriott, W. McK., J. Biol. Chem., 1913-14, xvi, 
276. 

® Abderhalden, E., Froehlich, C., and Fuchs, D., Z. physiol. Chem., 
1913, Ixxxvi, 454. 

Schulze, B., and Likiernik, .A., Z. physiol. Chem., 1893, xvii, 523. 
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UISCUSSION'. 

The rcMilts of the experiinenth indicate that botli oi)tical isoziier.s 
are attacked in tlie or^^aniMii of the dog, the dextro form being 
only .‘■ligiitly more re.iiMant. The amount of “extra glucose” ex- 
creted was, in four experiments, approximately equal to that of 
the amino-acitl administered. In the two instances in which the 
amount of e.xtra gluco.-e was .Mnallcr than tlii.s, there was unques- 
tionably a considerable excretion of unchanged amino-acid. In 
Experiment -I, in which 3.-1.) gm. of extra glucose were obtained 
from 5.7(5 gm. of the d-acid, the increa.se in the amino nitrogen of 
the urine indicated that 15 per cent of the amino-acid appeared 
in the urine unchanged. In the one experiment in which the dog 
was prepared with ejiinejihrin, onlj' 3.0 gm. of e.xtra glucose were 
obtained after the administration of 14.7 gm. of dZ-acid. Unfor- 
tunately the amount of amino-acid available does not permit of 
a repetition of the experiment. However, it is scarcely possible 
that the extra glucose obtained in the other experiments should 
have been derived from the gl 3 ''cogen remaining in the body after 
3 or 4 daj's’ treatment with phlorhizin. Normal a-aminocaproic 
acid has no narcotic or other toxic action. It seems quite as 
likelj'' that treatment with cpinephrin interferes with the forma- 
tion of glucose from some amino-acids. The low ratios reported 
by Sansum and Woodyatt^ indicate that this may be the case. 
Certainly a considerable quant itj' of unchanged amino-acid was 
eliminated in the urine in this experiment. 35 cc. of the urine 
of the experimental period (total volume 800 cc.) were precipi- 
tated with CuSOi, keeping the reaction neutral. The precipi- 
tate was filtered out, washed, and decomposed with H 2 S. The 
liquid was filtered from the CuS, evaporated, and treated with 
five volumes of alcohol. Characteristic crystals of the amino- 
acid were obtained. These were filtered out, washed, dissolved 
in water, and the copper salt was again precipitated. Its appear- 
ance was quite characteristic. It weighed 88 mg. Unfortunatelj" 
the material was lost in the process of analysis but there can be 
little doubt that it was the copper salt of normal a-aminocaproic 
acid. The amount recovered corresponds, in the urine of the 
entire period, to 1.3 gm. of amino-acid, or 9 per cent of the amount 
injected. It is almost certain that a larger amount was excreted 
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estimation that are employed or not as the case requires. But in 
any event the phosphoric acid is finally precipitated as magne- 
sium ammonium phosphate, which is decomposed by heating and 
weighed as magnesium pyrophosphate. From the weight of the 
pyrophosphate the corresponding weight of phosphoric acid is 
calculated. 

The uniform rejection by analysts of such a substance as ciys- 
talline magnesium ammonium phosphate in favor of magnesiiun 
pju’ophosphate, in spite of the fact that the one substance pre- 
cedes the other in the analjdical scheme and must of necessity 
transmit to the other anj’^ errors committed in its manipulation, 
is a matter that renders one suspicious and suggests caution. 
Nevertheless, the following data demonstrate very clearly that if 
there is an}’- choice between the two substances, aside from econ- 
omy of time, it is in favor of the crystalline compound. 

To prove the admissibility of magnesium ammonium phosphate 
it is necessary, and sufficient, to establish three points: (a) that 
magnesium ammonium phosphate can be brought to a constant 
weight ; (b) that the substance can be easily and completel)’’ re- 
moved from a filter paper when dry; (c) that the substance 
possesses exactly the composition expressed by the formula 
]\IgNH 4 P 04 . 6 H 20 or at least that it will produce the e.xact amount 
of magnesirun pyrophosphate that tins formula demands. The.?e 
three points are taken up in order as follows. 

a. In order to meet the conditions of a phosphorus partition 
study the specimens of magnesiunr ammonium phosphate em- 
ployed in this work were prepared from the hydroljdic products of 
yeast nucleic acid. Five portions of the substance were heated 
with 5 per cent sulfuric acid from 1 to 5 hours and after removal 
. of the guanine with ammonia, the phosphoric acid was precipi- 
tated with magnesia mixture, using such precaution as to insure 
the formation of crystalline magnesium ammonium phosphate. 
The five precipitates were filtered on ashless papers, washed care- 
, fully, kllowed to dry in the room for 19 hours, and weighed. lu 
order to see if any further change in weight would occur at the 
room temperature, the filters were allowed to stand several days 
, longer and weighed from' time to time. The results are given in 
Table I. \ 
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TAIlLi: I. 


filler iui>or‘i coiiUxinins nKiKnMium ammonium 
phoipli lie lined .it room tuniperaturc. 



I. 

II. 

III 

IV. 

V. 


9)11. 

Qm. 


Qrt\. 

Qin. 

-Vftcr 10 lir.s 

0 7-XJ7 

0 7o35 

0 7SS2 

0.7G95 

0.725t 

“ .1 “ longer. . . 

0 7t',Sl 

0 7.'.27 

0.7S7j 

0.7GOO 

•1.G0C9 

U u 

0 7271 

0 7oll 

0 7Slit 

0 7079 

•1.6G6S 

“ s “ “ 

0 72(>S 

0 7.710 

0 7SG0 

0 7077 

•1 GG08 

" 17 " “ 

0 Tm 

0 7212 

0 7S03 

0.70S0 

•1.GG08 


It will l)e .'•ecu that iij) to (he la^t j)ci'iocl a slow but continual 
loss in weigh! has occurred uniforinlj' in all the specimens. But 
this weight is lost from the filter paper, not from the precipitate, 
for at the beginning of the second period, mo.st of Precipitate V 
was transferred to a platinum crucible lid and weighed. The con- 
stancy of this weight throughout .shows that in the other four 
specimens it was not the magnesium ammonium phosphate whose 
weight altered. 

This cliange in the weight of a filter paper, which may amount 
to 2 mg. in 24 hours, can scarcely alTect the results obtained by 
weighing an empty filter p.aper a few minutes after the phosphate 
precipitate has been dusted off. It seems to be caused by a change 
of atmosi^heric conditions (temperature and moisture). 

The following series shows that the filters may increase in weight 
at the room temperature. No. VI is a total phosphorus deter- 
mination after all organic matter had been dcstrojmd. 


TABLE II. 



I 

i 

II. 

III. 

1 

IV 

V 

VI 


gut 

gm 

gm 

1 

g 

gm 

After 10 hrs. in air. . . 

0 9510 

0 8327 

0 8018 

0 8185 

0 7400 

1 0380 

After 24 hrs. longer 
in air j 

0 9528 

0 8337 

0 8631 

0 8201 

0 7419 

1 0395 


The next series shows that the filters may increase in weight 
even when they are allowed to remain in the thermostat at 40° 
for 48 hours. No. VI is a determination of total phosphorus and 
No. V which remained nearly constant, was weighed on a plati- 
num crucible lid. 
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table III. 



1 

J. 

IT. 

in. 

IV. 1 

V. 

VI. 

After 16 hrs. in air . 
2 days longer at 40° . . 

gm 

0 S241 
0.8250 1 

1 

gin. 

0 8342 
0.8352 

gni^ 

0 8000 
0.8011 

gm. 1 

0.7903 

0.7912 

gm. 

5.1175 

5.1171 

H 


The figure.s sho-\v that while a washed filter paper may vary 
slightly, ammonium magnesium phosphate maintains a constant 
weight when allowed to remain in the air or even at a temperature 
of 40°. The results given are extreme cases. As a rule the filter 
papers do not vary either way as much as 1 mg. in 24 hours. 

b. In order to find whether small particles adhere to the filter 
when crystalline magnesium ammonium phosphate is removed, 
ten of the filters were dusted free from the salt and ashed in a 
weighed porcelain crucible. The total ash weighed 17 mg. or 
about 1.7 mg. for each filter paper. The ash was dissolved by 
long digestion with hot nitric acid and from the diluted solution 
the phosphoric acid was precipitated by. the addition of ammo- 
nium nitrate and treatment with ammonium molybdate. The 
yellow ammonium phosphomolybdate was converted into mag- 
nesium ammonium phosphate which weighed about 5 mg. or 
about 0.5 mg. for each filter paper. Thus, if one uses an ashless- 
filter paper and determines the phosphoric acid as magnesium 
pyrophosphate the final weighing is liable to be 1.7 mg. too high 
even though the paper has been well washed. Less than one- 
third of this error ivill be caused by the adhesion of magnesium 
ammonium phosphate to a filter paper. 

c. As far as the composition of magnesium ammonium phos- 
phate is of concern in this connection, it is only necessarj' to show 
that the substance produces the amount of magnesium pyrophos- 
phate required by the equation: 

• 2NHAIgP04.6Hj0 = MgsP-Oj + 13HjO + 2 NH 3 

\ 

Specimens of magnesium ammonium phosphate obtained in such 
experiments as those described above were heated to a constant 
weightun a weighed porcelain crucible. The determinations were 
made si^ccessively in the same crucible, and the negligible differ- 
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cnees found ;vrc prol):ibly duo to the difficulty of weighing the 
porcelain crucil)le. 


TAiiu: IV. 



I. 

II. 

III. 

IV. 

V. 

Magnesium ammonium 






phosphate used, gm 

0.3772 

0.5019 

0.4S-1S 

0.1167 

0.5741 

Magnesium pyrophos- 






phatc obtained, gm 

nsHiga 

0.2iI12 

0.2dl2 


mSmM 

Percentage found 


■15.21 

45. IS 

mi 


Percentage required 


•15.00 

•15.00 

•15.09 

n 


The results given in this paper .'•eern to show that in the quanti- 
tative determination of i)hosphoric acid, the conversion of mag- 
nesium ammonium phosphate into magnesium pyrophosphate is 
a superfluous operation. 

After this paper had been sent to the publishers, a letter was received 
from Dr. Louis Baumann (State University of Iowa), which contained the 
following data. 

The magnesium contained in a solution prepared by dissolving pure 
magnesium ribbon in dilute hydrochloric acid was precipitated as’ the 
triple phosphate, then filtered on a weighed ash-free filter paper. The 
precipitate and paper were dried for 4S hours in the laboratory atmosphere. 


Results in triplicate; 


JlgNU.POi.OHiO * 


Calculated for 0 0155 magnesium. 

[ Found. 

O.loG-l 

IH 
















HYDROLYSIS OF YEAST NUCLEIC ACID WITH 
AMMONIA. 

Bv WALTER JONES and IIILDEGARDE C. GERMANN. 

{From Ihc Lnborntonj of Physiological Chcmislry, Johns Hopkins University, 

DaUiinorc.) 

(Received for publication, April 1, 1910.) 

About two years ago, Thanuliauser^ studied the action of duo- 
denal juice on yeast nucleic acid and found that a tri-nucleotide 
is formed whieh has the comjjosition represented by the formula 
CMlIiaPjOijNis, is lovorotatory to polarized light, and forms a 
crystalline brucine salt of the composition C32H4oP3023Ni5(C23H26- 
N20do which melts at 200-205°. From the tri-nucleotide he pre- 
pared the three nucleosides guanosine, adenosine, and .cytidine. 

The article is written with a little caution, evidently because 
the analytical values of the substance do not lead to the formula 
that we would assign to a tri-nucleotide derived from yeast nu- 
cleic acid. Thannhauser therefore names his substance Triphos- 
phonudeinsdure. But if he holds the prevailing well grounded 
opinion of the constitution of yeast nucleic acid he must believe 
that his substance is formed from yeast nucleic acid according 
to the following scheme, 

UO 

\ 

0 = P - O • CsHaOj . CsH^NiO 

/ 

o 

\ 

0 =s P — O’ CfiHsOj • C 4 H 4 N 3 O 

/ 

o 

\ 

0 = P-0.CsH803-C5H,N6 

/ 

o 

\ 

0 = P — O • CfiHaOs • 04113^202 

/ 

HO 

Yeast nucleic acid 

' Thannhauser, S. J., Z. physiol. Chem., 1914, xci, 329. 
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in which yeast nucleic acid is represented as decomposing hy 
hydrolysis into a tri-nucleotide which contains the guanine, 
cytosine, and adenine groups, and a mono-nucleotide which 
contains the uracil group. 

The formation of the three nucleosides from the tri-nucleotide 
must be represented as follows. 

H; OH 
. . ; OH 
H:OH 
HO 
\ 

0 = P-0- CsHaOj • CsHjNsO 
/ Guanosine group 

O 

\ 

0 = P - O . : CsHsOa • CjHiNaO 
/ Cytidine group 

0 

\ 

0 = P-0- CaHsOj • C 5 H 4 N 5 
/ .A.denosine group 

HO 

Tri-nucleotide 

The following criticism of Thannhauser’s results will make 
much clearer the matters that are to be discussed in this paper. 

(a) The preparation of three nucleosides from the tri-nucleo- 
tide is of no consequence if evidence can be produced to show 
that this supposed tri-nucleotide is guanyhc acid, a mono-nucleo- 
tide which has been prepared from yeast nucleic acid by the action 
of ferments,^ and which can yield only one nucleoside, 

HOs^ s, 

O = P — O ■ CjHsOa • CfiHiNaO '|-H 20 =H 3 P 04 -p C 5 H 9 O 4 ■ CsSiNsO 
jjq/ Guanylic acid . - ' Guanosine 

Thannhauser states that h^ obtained three nucleosides, but if his 
results are carefully e-xamiued it w'ill be seen that he obtained 
neither adenosine nor cy+i(jine, but two picrates, one of which 
could be picric acid 'as fr^j. his nitrogen determination is con- 
cerned. \ 

- Jones, y., and Richards, x. E., J. Biol. Chem., 1914, xvii, 71. 
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(b) A iri-nuclcotide uoiilainiii}!: groups of guanine (CdljNiO), 
cytosine (CJIiNaO), and ailenine (CsIIjNs) must contain thirteen 
atoms of nitrogen and therefore cannot be correctly represented 
by tlie formula C3jII;3P3023Ni5 which contains fifteen atoms of 
nitrogen. 

(c) The analjdical data given for the crystalline brucine salt 
of the tri-nucleotide answer as well for the crystalline brucine 
salt’ of guanylic acid. 


! 

Hc()utro(J for j 
CisUiiS I'o.- 1 

iCjH-.N’.O.): 

(brticiiio &alt of : 
Kuanylicacitl): 

Ucquirod for 
CclloNiil’jO.j- ' 

{C.:U»N 0.)« 
(liriicino salt of 
tri-uoclootido) : 

Found: 

xN 

10.91 

10.90 

10.36 

P 

2.09 

2.SS 

2.71 

C 

5S.39 

5S.S2 

59.12 

11 

5.7-1 

5 77 

j 5.SS 


(d) The tri-nucleotide is levorotatory and forms a crystalline 
brucine salt which melts at 200-205°. 

Guanylic acid also is levorotatory and forms a crystalline 
brucine salt that melts at 200-205°. 

In a more recent communication, Thannhauser and Dorf- 
muller’ state that the same tri-nucleotide can be prepared from 
yeast nucleic acid b 3 ' chemical means. Thej" heated yeast nucleic 
acid with ammonia in the autoclave at 120-125° and from the 
product they prepared a crystalline brucine salt that melts at 
205° and has the composition represented by the formula 
CK:H4oNi5P3023(C2:H2(iN20i)o- Tliis brucine salt is stated to be 
identical with the brucine salt of the tri-nucleotide that Thann- 
hauser had previously prepared from yeast nucleic acid by the 
action of duodenal juice. 

A second brucine salt was also obtained. Its melting point 
and elementary analysis are given but no formula is assigned. 
No examination is made of the hydrolytic products of either 
substance, the principal purpose of the article being to show 
that the same tri-nucleotide is formed from yeast nucleic acid 

’ Levene, P. A., and Jacobs, W. A., J. Biol. Chem., 1912, xii, 421. 

* Thannhauser, S. J., and Dorfmiiller, G., Z. -physiol. Chem., 1915, xcv, 
259. This number was issued Nov. 6, 1915, but has reached us only very 
recently. 
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by hydrolysis, whether the hydrolysis be brought about by 
ammonia in the autoclave at 120-125° or by the action of the 
ferments of duodenal juice. 

In the last article, Thannhauser and DorfmuUer have de- 
scribed a method, long known in this laboratory, by which any- 
one can easily and quickly gain possession of the nucleotides of 
yeast nucleic acid. Moreover, a description has recently been 
given of an easily executed method by which the munerical in- 
dices of nucleotides may be found and then* constitution deter- 
mined.® We therefore wish to make a condensed statement of 
some of our results. 


Hydrolysis of Yeast Nucleic Acid with Ammonia at High 
Temperatures. 

Several years ago a serious attempt was made to prepare 
nucleosides from yeast nucleic acid by heating the substance in 
the autoclave with anunonia according to the method discovered 
and described by Levene and Jacobs.® 


HOH 
H OH 
H OH 
HOH 


HO 

\ 

0 = P-0. 

/ 

o 

\ 

0 = P-0. 

/ 

o 

\ 

O = P-0. 

/ 

o 

\ 

0 = P-0- 

/ 

HO 


CjHsOj • CiHjNjO 
Guanosine group 


CsHsO, • C^H^N 30 
Cyticline group 


CsHsOj-CjHjNs 
Adenosine group 


CsHsOj-CMsNjOj 
Uridine group 


Yeast nucleic acid 


‘ Jones, W., J. Biol. Chem., 1916, xxiv, p. hi. 

“ Levene and Jacobs, Ber. chem. Ges , 1910, xliii, 3154. 
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The iilteinpt to prcpiirc nucleosides was made to gain possession 
of adenosine and to use tlie substance in studies of the action of 
ferments on combined adenine." 

.Accordingly, yc;ist nucleic acid was heated in the autoclave with 
ammonia for 31 hours at 175-180°, and as Levene and Jacobs spe- 
cially enjoin, the temperature and time of heating were rigidly ob- 
served. .V black tar was formed from which, of comse, adenosine 
could not be prepared. .After a muuber of discom’aging attempts 
to prepare nucleosides in this wa 3 ', some pure guanosine^ was tested 
to see how the substance would behave when heated in the auto- 
clave for 31 hours at 175-180°. The substance was completely 
decomposed, and it became apparent that one could not e.xpect 
to obtain nucleosides by heating nucleic acid at 175-180°. The 
experiment with nucleic acid was therefore made at lower tempera- 
tures and the time of heating was shortened to 2 hours. 

At 1G5° the products were badl}' injured. 

At 160° the products were considerably injured but nucleosides 
could be shown present. 

At 150° the results were very satisfactoiy and nucleosides 
could be obtained from the product without difficulty. 

At 145° all phosphoric acid is set free and can be precipitated 
directly with magnesia mixture. Under these conditions the 
production of nucleosides must be complete and there can be no 
reason for heating at any higher temperature. 

Below 140° the hberation of phosphoric acid is partial and is 
less the lower the temperature. 

At 120° no phosphoric acid is libei'ated so that nucleotides must 
be exclusively formed. 

At 110° no phosphoric acid is liberated and still the nucleic 
acid is completely decomposed into soluble products. 

AVe have chosen 115° as the temperature favorable to the for- 
mation of nucleotides. At this temperature there is no danger 
of forming nucleosides. 

^ Jones, J. Biol. Chein., 1911, ix, 169. Amberg, S., and Jones, W., Z. 
physiol. Chem., 1911, Ixiii, 407. 

® Guanosine had been plentifully obtained at this time by the action of 
ferments on yeast nucleic acid. 
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Hydrolysis of Yeast Nucleic Acid with Ammonia at 115°. 

A solution of 100 gm. of yeast nucleic acid in 530 cc. of 2.5 
per cent ammonia was heated in an autoclave at 115° for I 5 hours. 
The cooled product, which w'as strongly alkaline and could be 
shown to contain no nucleic acid, was treated with 95 per cent 
alcohol as long as a precipitate was formed and until the clear 
supernatant fluid showed a tendency to become cloudy. To bring 
about this condition about one and three-fourths volumes of 
alcohol are required. 

This procedure was suggested by the difference in conduct of 
the two di-nucleotides of yeast nucleic acid when aqueous solu- 
tions of their potassimn salts are pomed into a large excess of 
alcohol. The potassium salt of one di-nucleotide is promptly 
precipitated by alcohol while the potassimn salt of the other di- 
nucleotide remains suspended as an emulsion, and by this dif- 
ference in conduct of their potassimn salts, the two di-nucleotides 
can be separated from one another.® 

The autoclave product that we are describing consists to a 
considerable extent, but not entirely, of the ammonium salts of 
the two di-nucleotides of yeast nucleic acid, and by treatment 
with alcohol, in the manner described, it may be separated rather 
sharply into two weU characterized fractions, one of which is 
thrown down as a heavy gray precipitate while the other re- 
mains dissolved in the alcoholic fluid, if too much alcohol has not 
been added. The point at which the addition of alcohol should 
be discontinued is quite sharply indicated by a cloudy appearance 
of the flquid above the precipitate. This is caused by a httle of 
the adenine di-nucleotide which is precipitated in colloidal form, 
and in such a case the cloud should be redissolved by the addi- 
tion of a httle water. 

The precipitate is referred to as the guanine-cytosine fraction 
and contains only substances that produce guanine by acid hy- 
drolysis. The alcohoUc fluid is referred to as the adenine-macil 
fraction and contains only substances that produce adenine by 
acid hydrolysis. 

The alcohoUc solution was filtered off and the precipitate was 
thoroughly washed with alcohol of the same strength as the filtrate. 
The alcohol washings were discarded. 

• Jones and Richards, J. Biol. Chem:, 1915, xx, 25. 
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The G\uinine~C\jiosine Fraction.'^ 

The lieavy gray precipitate, formed bj^ the addition of alcohol 
to the alkaline autoclave product, was dissolved in hot water 
and a small amount of dark, insoluble gelatinous material was 
removed with the centrifuge. By applying to the clear solution 
the procedure with lead acetate that is described in the next sec- 
tion a substance was finally obtained from which could be pre- 
pared a crystalline brucine salt melting at 200-205°. This crystal- 
line compound is the brucine salt of guanyhc acid. It produces 
the required amount of guanine, but not a trace of adenine, by 
hydrolj'sis with sulfuric acid. Its entire phosphoric acid is 
set free by heating with o per cent sulfuric acid, which proves 
that the substance does not contain a pyrimidine group. 

The substance is undoubtedly the brucine salt of guanylic acid. 
Its melting point and method of preparation show with equal 
clearness that it is the brucine salt of Thamrhauser and Dorf- 
muUer's Triphosphonuclcinsdiire. 

The Adenine-Uracil Fraction. 

The perfectly clear alcoholic solution was diluted with an 
equal volume of boiling water, acidified with acetic acid, and 
treated with 25 per cent lead acetate as lo'ng as a precipitate was 
formed. After the hot material had cooled, the lead compound 
was filtered off, suspended in hot water, and decomposed with 
hydrogen sulfide. It is necessary to avoid a great excess of hy- 
drogen sulfide and to boil the product finally until the vapor 
does not blacken lead acetate paper. Otherwise sulfur compounds 
are sure to be obtained. It is in fact advisable to use a slightly 
insufficient amount of hydrogen sulfide gas and remove the small 
amount of lead from the boiling hot filtered solution by the careful 
addition of hydrogen sulfide water. 

The final filtrate from lead sulfide was evaporated to a syrup 
at 50° under diminished pressure and treated with several volumes 
of 95 per cent alcohol. A resin was precipitated which was ground 
with absolute alcohol to a heavy white powder and dried in a 

This fraction was examined by B. E. Read. He will publish later a 
full account of his work. 
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sulfui’ic acid desiccator. The substance is a di-nucleotide which 
contains gi-oups of adenine and uracil. 

Pi’eparations of the substance often give a trace of guanine 
by hydrolysis with sulfuric acid. This is because a perfect sepa- 
ration of the anunonium salts with alcohol as described above 
was not effected. In such a case the di-nucleotide is dissolved in 
water and after making strongly alkaline •with'ammonia, the solu- 
tion is treated with alcohol until the clear fluid shows a tendency 
to become cloudy. iThe small precipitate, which is a part of the 
guanosine-cytosine fraction, is filtered off, and after acidifying 
with acetic acid, the solution is diluted with hot water and treated 
with lead acetate. From the lead compound the di-nucleotide is 
prepared as already outhned. 

The Adenme~Uracil Di-Nucleotide. 

The wliite granular powder prepared as described is adenine- 
uracil di-nucleotide and was obtained almost quantitatively from 
yeast nucleic acid. It contains the required amount of nitrogen 
and yields the required amoimt of adenine when hydrolyzed with 
dilute sulfuric acid. But it does not yield a trace of guanine. 
The partition of its phosphoims proves that the substance is a 
di-nucleotide. Exactly one-half of its phosphoric acid is easily 
spht off and half is fii’mly bound; therefore as the nucleotide con- 
tains only one purine group, it can contain only one pyrimidine 
group. 

Some interesting results were obtained with a substance that 
was prepared' in this laboratory several j'^ears ago by the action of 
a digested aqueous extract of pancreas on yeast nucleic acid. 
A provisional announcement had been made® that this preparation 
contained adenine-m’acil di-nucleotide. By hydrolysis of the 
substance with sulfuric acid we obtained about five times as much 
adenine as guanine. A study of its phosphorus partition^ gave 
exact di-nucleotide values. E'vidently both the adenine and the 
guanine are in di-nucleotide combination. 
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COXCLUblON. 


There is no cviclciico to show that a tri-nucleoticle can be pro- 
duced from 3'cast nucleic acid eithci- bj' the action of ferments or 
bj- hj'diolj'sis with ammonia. All of the available evidence goes 
to show that when yeast nucleic acid undeigoes hydrolysis, 
whether bj' the action of ammonia or under the influence of fer- 
ments, the substance is first decomposed into two di-nucleotides, 
one of which contains the adenine and uracil gioups w’hile the 
other contains the guanine and cj-tosinc groups. 
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no 


no 


0 = P-0-CdI,0,.Cdl4Xi0 
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O = P - 0 • CdbOl • C.H.XjO 
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Guanine-cytosine 

di-nuclcotide 


Adonine-uracil 
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The adenine-uracil di-nucleotide is comparatively stable but the 
guanine-cytosine di-nucleotide easdj’^ undergoes hydrolysis into 
its component mon'o-nucleofid^si. 
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This last decomposition occurs to a considerable extent when the 
substance, i.e., yeast nucleic acid, is heated for an hour or two 
with 2.5 per cent ammonia at 115“ but to a much greater extent 
when the heating is done at 125°. At 125° the products begin to 
lose phosphoric acid and nucleosides are formed. At 145° all 
phosphoric acid is set free and the formation of nucleosides is 
complete. 



NOTE ON HYDROLYSIS OF YEAST NUCLEIC ACID IN 
THE AUTOCLAVE. 


Uy P. a. LKVENE ani> W. A. JACOBS. 

{From the Lriboralorics of The Itockefcllcr Inslilutc for Medical Research.) 

(Received for publication, April IS, 1910.) 

It is customary in tliis laboratory to heat autoclaves by 
means of an oil bath, measuring the temperature of the oil bath. 
In a previous article' the temperature referred to was that of 
the oil bath. This was made clear in the duections given by 
one of us in a later article.- In the latter article it was also 
stated that a temperature of 135° was sufficient when hydroly- 
sis was carried out in a sealed tube. Consequently the results 
of Walter Jones’ essentially agi'ce with those obtained by us. 


‘Levene, P. A., and Jacobs, W. A., Ber. chem. Ges., 1910, xliii, 3154. 
" Levene, Abderhalden’s Handb. biochem. Arbeilsmeihoden, 1911, v, 492. 
Llones, W., and Germann, H. C., J. Biol. Chem., 1916, xxv, 93. 
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THE NATURE OF THE DIETARY DEFICIENCIES OF THE 
WHEAT EMBRYO.* 

By E. V. McCOLLUM, XIXA SIMMONDS, and WALTER PITZ.‘ 

{F rom iho Laboratory of Agricultural Chemistry of the Wisconsin Experiment 
Station, Madison.) 

(Received for publication, March 25, 1916.) 

In former papers from this laboratory we have shown the char- 
acter of the deficiencies of the wheat kernel- and of polished rice’ 
respectively as nutrients for gi-owth and reproduction. As a result 
of this work, together with an e.xtensiye experience in observing 
animals fed with mixtures of purified foodstuffs, we proposed the 
working hypothesis that in addition to protein, carbohydrate, or 
fat and mineral elements in suitable amounts and proportions, 
the diet, in order to support growth or long continued well-being, 
must contain two factors whose chemical natures are at present 
unknown. One of these is associated with fats from certain 
sources, but is not found in the fats of many natural foodstuffs.’ 
The other, which is soluble in water and alcohol, is widely distri- 
buted in natural foods such as milk, eggs, meats, vegetables, and 
grains.’ This factor is apparently never associated with fats. 
Funk and others have recognized one of these dietary factors, 
the water-soluble one, in their studies on beri-beri. There is no 

* Published with the permissipn of the Director of the Wisconsin Ex- 
periment Station. 

' Miss Marguerite Davis participated in a considerable amount of pre- 
liminary work directed toward the solution of the problems discussed in 
this paper. Most of the data accumulated in that work are not included 
in this discussion, but the information gained therefrom made possible the 
successful planning of the rations later employed. Credit is due Miss Da- 
vis for her part in this investigation. 

■ McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxi, 615. 

’ McCollum and Davis, J. Biol. Chem., 1915, x.xiii, 181. 

* McCollum and Davis, J. Biol. Chem., 1913, xv, 167; 1915, xxiii, 231. 
Osborne, T. B., and Mendel, L. B., ibid., 1913-14, xvi, 424. 
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doubt that a deficiency of this factor and not the fat-soluble un- 
Imown is responsible for the onset of polyneuritis and that the 
pathological symptoms are entirely relieved by treatment of pig- 
eons mth extracts of substances which contain the former but do 
not furnish the fat-soluble one. McCoUum and Kennedy^ have 
discussed the desirabihfcy of discontinuing the use of the term 
“vitamine” for these substances which are essential components 
of an adequate diet, and have suggested the employment of the 
terms fat-soluble A and water-soluble B instead. These terms 
are employed in this sense in the present paper. 

We deem it of the gi’eatest importance for the purpose of plac- 
iog human nutrition and animal production upon a sound scien- 
tific basis to have, in addition to a full understanding of the es- 
sential factors in the diet for groudh and the promotion of well- 
being during maintenance, a thorough knowledge of the causes 
which are responsible for the failure of nutrition of an animal 
when confined to a single naturally occurring food substance. 
We should imderstand fully why, for example, the corn, wheat, 
oat, or rice kernel is, individually, totally inadequate to support 
the life of a grown animal over more than a brief period, or to 
support gi'owth in the young, as our experience has shown to be 
the case. Only then shall we be able to proceed to an experi- 
mental inquu’y into the reasons for the nutritive failure of human 
beings when eating a hberal variety of foods of vegetable origin, 
as Goldberger has shown to be the case among pellagrins,® or of 
animals fed certain mixtures with the customary complexity of 
aiumal husbandry practice.^ It is with a view to the acqmsition 
of such knowledge that we are pursuing studies of the character 
reported in this and the previously cited papers. 

The method pursued in our w'ork.is based on the following line 
of reasoning: If a single natural food product fails to nourish an 
animal adequately, it may be due to; (a) lack of sufficient protein, 
or to proteins of poor quality; (6) an unsatisfactory mineral con- 
;tent due either to inadequacy of certain elements in amount, ot 
to unsatisfactory proportions among them; (c) an inadequate sup- 

\McCollum, E. V., and Kennedy, G., J . Biol. Chem., 1916, xxiv, -lOl- 
yoldberger, J.. J. Am. Med. Assn., 1916, Ixvi, 471. . 

^ llart, E. B., McCollum E. V., Steenbock, H., and Humphrey, G. C., 
nr.- — i\^gric. Experiment Station, Research Bull. 17, 1911. 
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ply of the f:it-solublc A; (d) of the water-soluble B; (e) or some 
toxic substance contained therein. One, two, three, four, or all 
of those factor-s may operate in inducing nutritive disturbances. 

It should be obvious that a systematic procedure in which we 
feed the substance under investigation supplemented with (a) 
pure protein only, (6) salt mixture additions onlj^, (c) butter fat 
only, (d) extracts known to carry the water-soluble B and as little 
else as is possible, will reveal whether the failure of nutrition in- 
volves one factor only, or more than one. If more than one fac- 
tor is involved, a similar procedure, but with the addition of all 
possible combinations of pairs of the isolated food ingredients 
listed above, followed if need be by anotlier series of feeding e.x- 
periments in which animals arc fed the natural foodstuff supple- 
mented with three such uncomplicated additions, in all possible 
combinations, and if necessary another experiment in which all 
four additions are made, will give us results which make it possible 
to consider the components of our rations in an entirely new light. 
Provided the foodstuffs contain a toxic; substance, special proce- 
dures will have to be devised for studying its effects. 

Similar studies must also be made by this method of procedure, 
with pairs of the important foodstuffs in varying proportions, the 
variation of the mixture including sufficient range to reveal the 
degree to which the deficiencies of the protein mixture of one 
grain are corrected by the peculiar quantitative relationships 
among the amino-acids yielded by the proteins of the other grain. 
The same may be said for the factors other than protein. In this 
way we shall become able to interpret the biological value of the 
mixtures of natural foodstuffs which make up the rations which 
are in common use, in which the attempt is now made to make 
for safety through variety. AVe have carried our inquiry into the 
nature of the dietary deficiencies of several natural products far 
enough to convince us of the practicability of this method of studjx 
Young rats fed wheat embryo alone never make any growth, al- 
though they may live somewhat beyond 4 months (Chart I). 
When young rats are fed a mixture of 60 parts of wheat embryo 
and 40 of de.xtrin, a mixture which furnishes about 20 per cent 
of protein, very slow growth takes place, and the animals may 
live for 4 months or more without loss of weight (Chart II). The 
addition of calcium lactate (2 per cent) to this food mixture will 
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at any period of their growth suspension induce a noticeable in- 
crease in body weight. 

We were led to conclude by our experiments on growth in ani- 
mals fed diets of low protein content, and by metabolism studies 
with pigs which received all their protein from the wheat embryo, 
that these proteins have a high biological value. Rats can make 
an appreciable amount of grorvth on diets carrying but 4 per cent 
of wheat embryo proteins,* and pigs can retain as much as 39 
per cent of the ingested wheat embryo proteins for growth.’ 
Since it is not possible when 60 per cent of wheat embryo is em- 
ployed in the ration to imitate by salt additions the noineral con- 
tent of any rations w'hich we have fed successfully, because of the 
high mineral content of the embryo itself, we tried lowering the 
content of this constituent to give a protein content of 10 per 
cent in order to be able to make salt additions to the diet with 
the prospect of rendering the mineral content a favorable one for 
gronhh. Lot 521 (Chart III) shows how marked is the improve- 
ment of the annuals resulting from the correction of the inorganic 
content of the diet. After 2 to 3 months failure supervenes, ac- 
companied by what appeared to be an infection of the ears, and 
an edema of the eyes which is frequently seen in rats suffering 
from an inadequate supply of the fat-soluble A. Ether-extracted 
wheat embryo gave us much better nutrition than unextracted ma- 
terial. The cause of this will appear later. 

That the failm'e of nutrition of the rats in Lot 521 (Chart III) 
was due to a lack of the fat-soluble A is made apparent by the 
perfomiance of Lot 397 (Chart IV) whose ration was identical 
with that of Lot 521 except that 5 per cent of butter fat replaced 
an equivalent amount of dextrin. These rats grew to normal 
size more rapidly than the cmwe of normal expectation led us 
to anticipate and the two females each produced two litters of 
young. None of the.se young were reared, however. This and 
the fact that the three rats in this group all died after 9 and 
10 months, led us to suspect that the ration still possessed certain 
unfavorable factors in some degree. The low protein content 
may be sufScient to explain this, but the history of Lot 508 (Chart 

® McCollum and Davis, J. Biol. Chem., 1915, xx, 415. 

’ McCollum, E. V. See Henry, W. A., and Morrison, F. B., Feeds and 
Feeding, Madison, 15th edition, 1915, SO. 



E. V. ]\IcColluiu, N. Simmonds, W. Pitz 109 


V) points to some other explanation us more probai^le. It is in- 
teresting to note that if Ration 397 is fed without the salt mixture 
addition it is incapable of inducing any growth whatever (see 
Chart VIII, Lot 5S5). The specific reasons for this we shall dis- 
cuss later in connection with another investigation. 

Lot oOS (Chart V) received the same ration as Lot 397 (Chart 
IV), except that 5 per cent of dextrin was replaced by 5 per cent 
of purifieil casein, /fhe growth of these animals has been normal, 
but two females have each failed to keep their two litters of young 
alive beyond the first 3 days of life. We were, therefore, led to 
conclude that there is a slight degi’ee of toxicity in this ration. 
The protein factor in Lot 397 is therefore not the only factor in- 
volved in preventing repetition of reproduction and the successful 
rearing of the young. 

That there is in reality a certain degree of toxic effect of wheat 
embryo and that this resides in the oil is clearly shown by the 
records of Lot 495 (Chart VI) whose ration differed from Lot 
397 only in that the wheat embryo was not extracted with ether. 
This group made about half normal growth during 3 to 4 months, 
as contrasted with a somewhat more rapid increase in weight by 
Lot 397 than our normal curve predicts. All the animals in 
Lot 495 became emaciated and presented a very miserable ap- 
pearance. 

The ration of Lot 415 (Chart VII) differed from the preceding 
one in having 10 per cent more wheat embryo (43 per cent of the 
food mixture). Although the protein content of this ration was 
raised to 13 per cent by this modification and was 25 per cent 
greater than in Lots 397 and 495 (Charts V and VI), there was 
but slight improvement in the condition of the rats. They pre- 
sented the same general symptoms as did Lot 495. The removal 
of the fats by extraction with ether removes in great measure the 
toxicity of the embryo. We are at present conducting experi- 
ments to determine whether the toxicity of these fats resides in 
the fatty acids themselves or is due to some substance soluble in 
the fats and in ether. 

The marked difference between the nutritive value of the 
ration of Lot 508 (Chart V) with and without the butter fat addi- 
tion is illustrated by comparing this group with Lot 566 (Chart 
IX) which received no butter fat. There was a rapid increase in 
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weight dui’ing the first 4 weeks in some of these rats, but complete 
failure of nutrition was never deferred much beyond 70 days, and 
in some cases it took place much earlier. The fat-soluble A must 
be added to wheat embryo, regardless of what other additions or 
modifications may be made with diets of the character we are 
here considering before normal nutrition can be attained. This 
does not imply the absence of this factor from the wheat embryo; 
indeed McCollum and Davis'® have demonstrated that the lat- 
ter does contain it, and this is further supported by the records of 
Lot 498 (Chart X). This ration will not induce growth without 
the addition of the fat-soluble A. 5 per cent of ether-extracted 
wheat embryo carries enough of this substance to induce growth 
for 90 days in a manner similar to that induced by carefully pmi- 
fied protein, carbohydrate, and salts, with a content of 20 per 
cent of milk sugar of ordinary laboratory purity. Such lactose 
carries a sufficient ammmt of both the fat-soluble A and the water- 
soluble B to induce growth in vigorous individuals at but little 
below the average normal rate, over periods of 60 to 100 days." 
This result reveals the unexpected fact that in removing the 
fats from wheat embryo by extraction with ether the fat-soluble 
A is not wholly extracted. Lot 509 (Chart XI) further illustrates 
this fact. This ration, without the factor in question, does not 
support growth. Both the unknown A and B are supplied by 5 
per cent of fat-free germ, in amounts sufficient to induce good 
growth over several months. It is this tendency of the fat- 
soluble A to remain associated with lactose, together with the gen- 
erous amount of the water-soluble B contained in milk serum 
which determines the growth-promoting power of Osborne and 
Mendel’s protein-free milk, Pi’ovided these factors are added, 
success can be attained in nourishing growing animals with salt 
mixtures prepared from pmified reagents. Since we have shown 
how the water-soluble B can be obtained from various sources by 
the use of several solvents, it is now easy to conduct experiments 
to compare the relative values of purified proteins under experi- 
mental conditions much more satisfactory than to employ puri- 
fied proteins in rations containing 6.9 per cent of theh total ni- 
trogen in unknown forms, as was done by Osborne and Mendel 

McCollum and Davis, J. Biol. Chem., 1915, xxi, 179. 

" McCollum and Davis, J. Biol. Chem., 1915, xxiii, 231. 
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in all ciuics where the diets contained IS per cent of protein and 
28.3 per cent of protein-free milk which contained 0.76 per cent 
of N. The desirability of improving the technique of this line of 
investigiition is emphasized by our observations that the nitro- 
gen of protein-free milk appears to possess considerable value as a 
source of protein cleavage j)roducts.'* 

That it is not lack of fats which caused the nutritive depres- 
sion in Lot 566 (Chart IX) is made apparent by the records of 
Lot 523 (Chart XII). These rats were given a ration precisely 
like Lot 50S (Chart V) c.vcept that 5 per cent of corn oil replaced 
5 per cent of butter fat. During 9S days these animals were 
markedly depressed in growth, the tlepression manifesting itself 
only after 30 days. After 98 daj's batter fat was added to the 
diet, with the result that growth was at once resumed. The 
marked inferiority of corn oil with respect to its content of the 
fat-soluble A as compared with an equivalent amount of butter 
fat is emphasized by these results. That corn oil is not entirely 
without tlris growth-promoting factor is indicated by unpub- 
h’shed results of this laboratory. 

Although in Lot 397 (Chart IV) 10 per cent of wheat embryo 
proteins suIEced for normal growth and supported females while 
they produced two litters of-young (but without rearing the yoimg), 
and the ration was not improved so far as the rearing of the young 
was concerned by the addition of 5 per cent of casein (Lot 508, 
Chart V), the food mixture is rendered more satisfactory for 
resistance to unfavorable factors which may operate in the diet. 
Thus in Lot 520 (Chart XIII) the ration resembled that of Lot 
523 (Chart XII) in all respects except that the 5 per cent of casein 
of, the latter’s ration was replaced by dextrin. These animals 
receiving corn oil as their only source of fat did not make as good 
growth without the casein added (Lot 520) as did Lot 523. 

This case illustrates a principle in nutrition which has not hith- 
erto been fully appreciated; viz., that a single factor (protein) in 
a ration may appear to admit of the maximum performance of 
the animal with respect to gi-owth, without itself representing the 
optimum amount or character. When this circmnstance pre- 
vails, it may entirely escape notice, yet if in another ration ex- 
actly like it except that a second factor tends to injure the animal, 
nutritive failure may result. In such a case as the latter, the im- 
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provement of the protein factor by the addition of more protein 
or by the substitution of a better protein, the plane of protein 
intake remaining unchanged, the animal may make the maximum 
performance notwithstanding the unfavorable character of ,the in- 
jurious- factor of the ration. 

For example. Lot 397 (Chart IV) contains but 10 per cent of 
protein, all furnished by ether-extracted wheat embryo. This suf- 
fices to support growth at the maximum rate. In Lot 495 (Chart 
VI), whose ration was exactly similar except that the wheat em- 
bryo can-ied the toxic wheat embryo fats, marked depression of 
growth was observed. Lot 524 (Chart XIV) received the same 
ration as did Lot 495, but with 5 per cent more protein in the 
form of casein, replacing dextrin, and in spite of the toxic effect of 
the embryo fats growth was normal for a period of over 4 months 
and three females produced six litters of young during that per- 
iod, although none of these were reared. This additional 5 per 
cent of casein caused Lot 524 to overcome the toxic action of the 
fats in a considerable degi-ee. Lot 405 (Chart XV), whose ration ‘ 
differed from Lot 524 only in having but 2 per cent of butter fat 
while the latter had 5 per cent, illustrates the same principle. 
With the low butter fat content the casein content like that of Ra- 
tion 524 did not protect the animals from the stunting effect of 
the toxic fats. The 5 per cent of casein together with the higher 
content of butter fat served to make the rats of Lot 524 more re- 
sistant to this unfavorable factor. Such results suggest a plau- 
sible explanation for the marked difference in the resistance to 
poisoning with acetonitrile, shown by rats and mice, which re- 
sulted in the experiments of Hunt,'- through the influence of the 
diet. We have elsewhere called attention to this same principle 
in its operation in determining whether the inorganic content of 
the diet, when of unsatisfactory make-up, wiU produce noticeable 
depression in the growth and health of the experunental animals.'^ 

Further illustration of the toxic effect of wheat embryo fats 
is seen in Lot 517 (Chart XVI) whose ration contained but a 
trace of fats from this som-ce, and Lot 448 (Chart XVII) whose 
ration was exactlj’^ similar e.xcept that the 6 per cent of de.xtrm 
in the fomrer was replaced by 6 per cent of wheat embryo fats m 

Hunt, R., Bull. Hyg. Lab., V. S. P. H., 69, 1910. 

” McCollum and Davis, ./. Biol. Chem., 1915, xxi, 641. 



E. V. McCollum, N. Simmonds, W. Pitz 113 

the latter. 'I'he growth curves of Lot 1-18 arc depressed in an 
casilj' noticeable degree, and a tendency to loss of hair in spots 
further points to the unfavorable effects of this addition. 

The question naturally arises on inspecting the data presented 
in this paper, when in Lots -198 and 509 (Charts X and XI) 5 
per cent of ether-extracted whea: embryo served to furnish enough 
of the fat-soluble A to induce ncarl}' normal growth during a 
periotl of 3 to -1 months, whr- does not a ration carrying 33 per 
cent of wheat embryo supply an amount of this substance wliich 
meets all the needs of the animals? In all such rations we see 
failure without butter fat (Lots 520, 521, and 523) and pronounced 
benefit from its addition to or inclusion in the diet (compare 
Lot 521, Chart III, with Lot 397, Chart IV; Lot 566, Chart IX, 
with Lot 508, Chart V; Lot -105, Chart XV, with Lot 524, Chart 
XIV). This question seems to admit of but one explanation in 
the light of the data available, and tliis we have adopted tenta- 
tively: V^’Iieat embryo is not entirely freed from its toxicity even 
'by long continued extraction with ether (20 hours). When there- 
fore the extracted material is added in progressively greater 
amounts in a series of rations two factors are affected which oper- 
ate in opposition to each other physiologically. When a low plane 
of fat-free embrj'o is employed a small amount of fat-soluble A 
is introduced, and but little of the to.xic substance. The amount 
of the fat-soluble A is not great enough to support young rats 
from infancy through complete growth, and failure ultimately 
supervenes. The toxic factor may even here operate in some de- 
gree to bring about nutritive failure, through a cumulative effect. 
When higher planes of ether-extracted wheat embryo are em- 
ployed, the injurious effects of its toxicity tend to counterbalance 
the beneficial effect of the added fat-soluble A, and the animal is 
prevented from developing normally. 

This hypothesis is in some measure supported by the behavior 
of Lot 463 (Chart XVIII) whose ration consi.sted of ether-extracted 
wheat embryo 60.0, salts (314) 5.0, and de.xtrin 35.0 per cent. 
These rats grew at about one-third the normal rate during the 
first 100 days. Thereafter two of the four made a decided re- 
sponse in growth when butter fat was added to the diet. It is 
recognized that the minei’al content of this ration is not satisfac- 
tory for growth when any other factors are unfavorable. 
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We present also the records of Lot 463 -A (Chart XIX) whose 
ration consisted, aside from its content of 2 per cent of wheat 
embryo, of substances free from the water-soluble B. Even this 
small amount of embryo supplied this factor in quantity sufficient 
to promote growth and well-being over a long period. The con- 
tent of tvater-soluble B in this ration is doubtless near the iffini- 
mum on which nutrition can remain nearly normal, and it is 
highly probable that the resistance of these rats to unfavorable 
agencies of any character would be heightened by a higher content 
of the water-soluble B in the diet. 

In former papers from this laboratory we have pointed out the 
distinctly iniurious effects resulting from feeding rations too 
closely restricted to the wheat plant and its parts. “ The neces- 
sary modifications of the wheat kernel which led to successful 
nutrition with rations consisting principally of the wheat kernel 
have been described bj'^ McCollum and Davis.- In the present 
discussion of the special properties of wheat embryo we are able 
to point out definite^ that the toxic factor is in the fat fraction. 
There is a possibihty that the failure to attain perfect nutrition 
with rations consisting of fat-free wheat embryo supplemente 
with isolated food substances such as protein, salts, and butter 
fat is to be explained as the result of the failure of ether to remove 
entirely the toxic substance. 

SUMIIABY OF RESULTS. 

The experiments reported in this paper reveal the fact thai, the 
wheat embryo contains qualitatively all the factors essential for 
the promotion of gi-owth and well-being in an animal, but the=e 
are not so proportioned that it can serve as a satisfactory m® 
without several modifications. 

The mineral content must be modified in certain respects be 
fore gi’owdh can proceed at all. 

The character of the pi’oteins is excellent; no other protem» 
from plant sources which we have studied are superior to them- 
Rations containing but 10 per cent of these proteins are who y 
adequate for gi-owth at the maximum rate. 

Both the fat-soluble A and the water-soluble B, the factors 
which must be supphed bj"^ an adequate diet, but whose chennca 

» Hart, E.' B., and .McCollum, E. V., J. Biol. Chem., 1914, xix. 373 
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natmes arc as yet unknown, arc prc.-'Cnl; tlic first, in moderate 
concentration; the second, in vciy ln;;li concentration as measured 
by the needs of tlie i^rowing animal. 2 per cent of wheat embiyo 
supplies enough of the water-soluble H to promote growth at the 
normal rate for several month.s. 

There is contained in the wheat germ a. substance which is 
distinctly toxic to animals. This is in great measure removed 
by extraction with ether, and is found in the fat fraction. We 
have not 3 ’et determined whether the toxicity is due to peculiari- 
ties in the chemical nature of the fats themselves or to something 
wliicli is associated with the fats. 



Chart I. Lot 423. Tlicse records show the failure of young rats to 
grow when limited to wheat embryo as their sole source of nutriment. 
The wheat embryo employed in these experiments contained 30.0 per cent 
of protein. 
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Chart II. Lot 424. Shows a marked improvement in young rata fed 
wheat embryo 60 and dextrin 40 per cent. With this food mixture 8 ow 
but long continued growth can take place (compare Chart I). 
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Chart ill. Lot 521. Illustrates the marked improvement m 
growth of yupng rats fed ether-extracted wheat embryo to supply 10 P®"' 
cent of protan. together with dextrin and a salt mixture. While fai 
of nutrition supervenes after 3 or 4 months on this ration, the addition o 
butter fat rerMers it surprisingly efficient in promoting growth and su 
tained well-be\ng (compare with Lot 397, Chart IV). 
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employed (compare Lot 495, Chart VI). 





118 Dietary Deficiencies of Wheat Embryo 



of dextrin. Its protein content was therefore about 15 per cent as com- 
pared with 10 per cent in Lot 397. This modification of the diet was em- 
ployed in order to determine whether the failure of the rats in Lot 397 to 
rear their young was the result of the low protein content of the food mix- 
ture. Since four titters of young produced by Lot 508 have all been allowed 
to die within S days, it appears that the low protein content supplied to 
Lot 397 wasVnot entirely responsible for the loss of their young. It seems 
evident that\he wheat embryo is slightly toxic even after e.xtraction with 
ether, although this solvent takes out something which is distinctly iH' 
jurious. 
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taining its fat content to that which has been extracted with ether (see Lots 397 and 
508, Charts IV and V). The ration hero employed differed from that of Lot 397 only in 
respect to its content of wheat embryo fats. About 3.3 per cent of these fats were 
supplied by this ration and the rate of growth was depressed about one-half by their 
presence. 








Chart VII. Lot 415. These records again illustrate the injurious ef- 
fects of the wheat embryo fats, on growing rats. This ration made up 
with ether-extracted wheat embryo would be greatly superior to the for- 
mula here given (compare Lots 397 and 508, Charts IV and V). 



Ch.art VIII. Lot 585. The curves of these rats illustrate the great 
importance of the proper adjustment of the mineral content of the diet. 
The animals in Chart VIII received a ration like that of Lot 397 (Chart 
IV), except that no salt addition was made, dextrin being added in place 
of the salt mixture. In this instance we have an example of a ration in 
which the adjustment of the inorganic content determines whether there 
shall be complete suspension of growth (without salt additions), or growth 
at a rate exceeding the normal expectation, as illustrated by Lot 397 
(Chart IV). 


120 












E. V. McCollum, N. Simmonds, W. Pitz 121 



Ghaut IX. Lot S6G. This chart illustiates the great benefit to the 
animals of including butter fat, oi some fat of the gioup which possesses 
the same growth-promoting property, in diets where the fat-soluble \ is 
supplied by wheat embryo. Although this factor is present, a highei con- 
tent makes the difference between almost complete failure and nearly com- 
plete success in the nutrition of growing animals (compare with Lots 397 
and 508, Charts IV and V) 
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The curves of these rats illustrate the great 
djustment of the mineral content of the diet, 
received a ration like that of Lot 397 (Chart 
lition. was made, dextrin being added in place 
mfitauce we have an example of a ration in 
norganic content determines whether there 
growth (without salt additions), or growth 
al expectation, as illustrated by Lot 397 
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CiiAnTXI. Lot 509. Further illustrates the presence of the fat-soluble 
A in wheat embryo. Without this factor there would be no growth with 
this ration. Both the fat-soluble A and water-soluble B are furnished in 
this ration by 5 per cent of wheat embryo which has been freed from fats 
by extraction with ether (compare with Lot 498, Chart X, and with Lots 
523 and .520, Charts XII and XIII). 
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Chart XII. Lot 523. That the failure of the rats to grow on Ration 
521 (Chart III) was not due to lack of fats is shown by the records here 
presented. Lot 523 received a ration closely similar to Lot 508 (Chart V) 
except that here the butter fat was replaced by 5 per cent of corn oil. The 
inferiority of these rats as compared with those of Lot SOS which received 
5 per cent of butter fat is unmistakable (compare Lot 508, Chart V, and 
Lot 520, Chart XIII). During the last month covered by these curves 5 
per cent of butter fat was included in the ration, and this resulted in a 
marked response with growth. Corn oil is not the equivalent of butter 
fat in supplying the fat-soluble A (compare Lot 523 with Lot 508, Chart 
V, and Lot 397, Chart IV with Lot 520, Chart XIII). 
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CUAUT XIII. Lot 520. These curves again point to the fact that corn 
oil is not equivalent to butter fat in its growth-promoting power. I he 
fat-soluble A is present in the corn kernel, but in relatively low amount 
(compare Lot 397, Chart IV, and Lot 523, Chart XII). 
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Ch XIV Lot 524. Although 10 per cent of r\ heat embryo proteins 
aie able to support growth at the maximum rate (Lot 397, Chart IV), the 
addition of 5 per cent of casein, as in the ration of Lot 524, enables the 
aiiimils to withstand to a maiked degree the injurious effects of iiheat 
embiio fats (compare Lot 495, Chart VI) The lation of Lot 495 differed 
fiom that of Lot 524 only in having 5 per cent of casein replacing dextrin 
These lecouls illustiate lion an unfaioiable factor of any character in the 
diet may escape notice if all other faetois aie made favorable. lYith the 
piotein content less favoiable (Lot 495, Chart VI), oi with the fat-soluble 
A leduccd to iiearh the minimum requirement (Lots 523 and 520, Charts 
XII and XIII), the toxic effects of the wheat embrjo fats manifest thcni- 
seh es 
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Chart XV. Lot 405. Illustrates the distinct advantage to the grow- 
ing j'oung of having an abundance of the fat-soluble A in the diet. The 
curves of Lot 405 which received 2 per cent of butter fat are decidedly in- 
ferior to those of Lot 521 (Chart XIV), whose ration differed onl3' in having 
5 per cent of butter fat. 
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Chaet XVI. Lot 517. Showing the records of rats which received a 
ration containing but a trace of wheat embryo fats, as compared with Lot 
448 (Chart XVII), whose ration was closely similar but contained 6 per 
cent of wheat embryo fats replacing 6 per cent of dextrin. The depressing 
effect of the wheat embryo fats is readily seen (compare Lot 448, Chart 
XVII). 
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Cbaiit XVII Lot 148 These records show the toxic effect of 6 per cent 
of wheat embryo fats m the diet of these rats. Their growth was distinctly 
below the normal rate, and they were infeiior to those of Lot 517 (Chart XVI), 
whose ration was similar except that G per cent of dextrin replaced the wheat 
embryo fats of Lot 448 (compare Lot 517, Chart XVI) 
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Ghaut XVIII. Lot 4G3. While 5 per cent of ether-extracted wheat 
embryo furnished enough of the fat-soluble A in Lot 498 (Chart X) and 
Lot 509 (Chart XI) to induce good growth over a period of 3 months or 
more, animals whose diets contained liberal amounts of ether-extracted 
embryo (33 per cent or higher) still responded with better growth and im- 
proved well-being to the addition of butter fat, which supplies this factor. 
This we can explain only by assuming that the fat-free embryo still con- 
tains something toxic, and that by making all factors except this toxicit} 
as nearly ideal as possible the resistance to the toxic effect is heightened. 
Lot 463 contained twelve times as much of the fat-soluble A as did Ration 
498 or o09, yet growth was depressed and after 100 days the rats still re- 
sponded in two cases to a butter fat addition. The injurious effect of tim 
toxic factor runs counter to the beneficial effects of the higher level of the 
fat-soluble A. 
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Chart XIX. Lot -IGS-A. These records illustrate the high content of 
the^water-soluble B in wheat embryo. Without this factor in the diet this 
ration will not support growth. As little as 2 per cent of wheat embryo 
furnishes enough of this substance to promote giowth over a long period, 
but IS probably somewhat below the optimum. 





THE SEPARATION OF AUTOGENOUS AND ADDED 
HYDROCYANIC ACID FROM CERTAIN PLANT 
TISSUES AND ITS DISAPPEARANCE 
DURING MACERATION.* 
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{From the Office of Drug Plant, I^oisonous Plant, Physiological and Fermen- 
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(Received for publication, March 23, 1916.) 

Hydrocyanic acid i.s supposed to occur in plants only in combi- 
nation. It ha.s been identified in glucosides. In plant tissues, 
therefore, the hydrocj’anic acid in such a compoimd as a gluco- 
side must first be .set free liy hydrolysis before this acid can be 
determined. The hydrolysis has usually been effected either by 
treating the plant tissue with fixed acid, or by macerating the 
material in water alone, or in water in presence of added emulsin 
or other hydrolyzing enzyme. WTien hydrolysis is performed by 
fixed acids, hydrolysis and distillation are combined in one opera- 
tion by distilling with dilute acid. If maceration either with or 
without added enzyme causes hydrolysis, the hydrocyanic acid 
liberated is subsequently distilled. In either case the hydrocy- 
anic acid in the distillate is estimated by some of the well known 
methods. 

No systematic .study of all factors involved in the separation of 
hydrocyanic acid from plant tissues, such as is customary in the 
study of analytical methods, has been recorded in the literature. 
For example, the possibility of loss of hydrocyanic acid during 
maceration has not been investigated, although there are state- 
ments in the literatm’e indicating that such losses occur. Thus, 
in 1912 Dezani' published an investigation showing that cyanide 

* The essential facts included in this paper were presented before the 
Biological Chemistry Section of the .American Chemical Society, in session 
December 27-30, 1911, at Washington, D. C. 

‘ Dezani, S., La riduzione dell’ acido cianidrico ad opera dei succhi delle 
piante, Atti H Cong. naz. chim. appl., Turin, 1911, 368. 
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added to plant juices expiessed under a piessuie of 300 atmos- 
pheres is decomposed with the formation of ammonia. The work 
reported here us w'as essentially completed before Dezani’s 
publication. Further, Waller- finds that in the presence of indif- 
ferent narcotics, such as ether, chloroform, or alcohol, the rate of 
evolution of hydrocyanic acid from the leaves of the cherry laurel, 
Priimts laurocerasus, is much less I’apid at 16-1S°C. than at 40°C. 
Irr water at roonr temperatures practicallj’’ none is set free. It 
has umally been assiuned that, in distilling in presence of small 
amovrrrts of the fixed acid, hydrolysis is rapid. Drmstan and 
Herrry^ have claimed that lotusirr, the’cyanogenetic glircoside of 
Lotus arabicus, is less rapidly hydrolyzed by sulfirric 'acid than 
by hydrochloric acid. WirtlF has shownr that in distilling the 
cherry lairrel water of the Dutch Pharmacopeia, hydrocyanic acid 
and aldehyde distill over uncornbined, corrrbining, however, in the 
distrllate irntil a certain equilibriirrn is reached. Kocques and 
Levy’® have found that in old cherr’y brandies hydrocyanic acid 
occurs irr combination and is evolved only gradually during dis- 
trllation. 'Fur-thermore, after the conclusion of the experiments 
r ecorded in the present paper, De Jong® published the observation 
that the enzyme of Pangiwn ednle decomposes the cyanogenetic 
glucoside, gjmocardin, forming both a diketone and hydrocyanic 
acid, the latter in part disappearing as such because it combines 
w’ith the diketone. Henry and Auld'^ have showm that to a slight 
exterrt sucrose, levulose, and ammonium sulfate retard the rate 
at w’hich hydrocyanic acid is set free from phaseolunatin by the 

- Waller, A D , .t new method for the quantitative estimation of hcdro- 
cyanic acid in vegetable and animal tissues, Proc. Roy. Soc , Sena B, 
1909-10, Kxxii, 574 

^ Dunstan, W. R., and Henry, T. A , The nature and origin of the poison 
of Lotus Arabicus, Pint Tr. Roy. Soc , Senes B, 1901, c\civ, 515. 

* Wirth, P. H , Untersuchungen uber Blausaure-Benzaldehydlosungcn 

in Verbindung mit Kirschlorbecrwasser, Phanii Weekblad, 1911, \lviu, 
1049; cited from Arch Pharm , 1911, ccxiix, 382 

^ Roeques, X , and Levy , L , Sur la nature des composes cyancs des 
kirschs, Conipt. rend. Acad , 1909, cxlviii, 494 

‘ De Jong, .A. W. K., La decomposition de la gjnocardine par I’enzjme 
des feuilles de pangium edule, Rec trm elnm Paijs-Bas, 1911, -xxv, 220 
' Henry, T. A , and Auld, S J M , The occurrence of cyanogenetic 
glucosides in feeding-stuffs, J Soc Chem. Ind , 190S, vxvii, 428. 
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enzyme wliicii aceompanicb this glucosicle in a variety of the lima 
bean, Plmscohts huialus. Glucose present ui small quantities 
markedly retards the rate at which hj’drocyanie acid is set free, 
while the action of invert sugar is less marked. Apparently, this 
was ascertained by determining the amount of hydrocyanic acid 
set free under each set of conditions. The amount of hydrocy- 
anic acid remaining combined seems not to have been determined. 
Hemy and AukF dcvi.-'cd a method for the determination of hj^- 
drocj'anic acid in plant ti.'-.sues bj’’ which the cyanogcnetic gluco- 
sidc is partially .'•eparated from the plant ti.ssue 133'- hot alcohol 
before it is iydrob’zcd. 

It is, therefore, evident from the literature that the determi- 
nation of hydrocyanic acid present in plant tissue is a matter of 
some difiicult3'. The hydrob'sis b3' means of acid is not applica- 
ble in all cases since certain cyanogcnetic glucosides, such as amyg- 
dalin, mider the usual conditions of distillation with acids yield 
only a small percentage of hydrocyanic acid.® The determination 
of hydrocyanic acid by means of an enzyme may be inaccurate, 
as pointed out by Henry and Auld, because of the presence of sub- 
stances such as glucose. Hemy and Auld assumed that such sub- 
stances retard the decomposition of the glucogide by the enz3Tne. 
However, they do not state that this phenomenon might not pos- 
sibly have been due to the combination of the liberated hydrocya- 
nic acid with some constituent of the medium, or to the destruc- 
tion of the hydroc3'anic acid, or to its change in such a way that 
it is not recoverable during distillation. The possibility that the 
hydrocyanic acid set free is at once combined or destroyed seems 
worthy of investigation, especially when the determination is 
made by macerating plant tissue before distilling. Under these 
conditions it is probable that the protoplasm of a macerated plant 
remains active for some time. It is easily possible that this pro- 
toplasm retains the power to metabolize the liberated h3’drocya- 
nic acid exactly as does the normal plant. 

An investigation of the influence of duration of distillation on 
the yiejd of hydrocyanic acid from plant tissue and the possibility 
of the disappearance of hydrocyanic acid during maceration is 
presented in this paper. 

* Ludwig, H., Einwirkung verduniiter Sauren auf eine Reihe von Bitter- 
stofTen, Arch. Pharm., 1855, cxxxii, 138. 
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For this study the .cyanogenetic plants Primus virginiana or 
the common wild or choke cherry, Andropogon sorghum or the 
ordinary sorghum, and the grass Panicularia nermta^ were gath- 
ered in the District of Columbia or in Aldington, Virginia, in Au- 
gust and September of 1911 and 1912. For use in control experi- 
ments Sambucus canadensis, or the common elder, was gathered 
in 1912. All experiments were performed within 6 hours of the 
time of collection of the plants. Only the leaves of these plants 
were distilled from 5 per cent sulfuric acid. The distillate was 
received in an excess of potassium hydrate. Hydrocyanic acid 
in the alkaline distillate was determined according to the method 
devised by Berl and Delp 3 ^'® in which the hydrocyanic acid is 
converted into Prussian blue and the latter determined colori- 
metrically. 

100 gm. portions of the unmacerated leaves of Andropogon 
sorghum, of Panicularia nervata, and of Prunus virginiana, and 100 
gm. portions of the macerated leaves of Prunus virginiana were 
separately distilled in 5 per cent sulfuric acid, the distillate at the 
end of each half hour being tested to learn when hydrocyanic acid 
ceases to be evolved. At a uniform, slow rate of distillation it 
was found that at the end of the first hour of distillmg all of the 
hydrocyanic acid from Andropogon and Panicularia had been 
evolved. It required, however, 4 hours to distill all of the hy- 
drocyanic acid from Prunus. This was true of the portions con- 
taining the macerated leaves as well as of those containing the 
unmacerated leaves. Even increasing the rate of distilling to 
violent boiling did not increase the rate at which hydrocyanic 
acid was set free. 

Experiments were also made which show the effect of macera- 
tion on the amount of hydrocyanic acid obtainable from Prunus 
virginiana. Other experiments were- made to show the effect of 
maceration on the amoimt of hydrocyanic acid recoverable from 
Andropogon sorghum and from Sambucus canadensis to which in 
some cases potassium cyanide alone had been added and to which 

® Alsberg, C. L., and Black, O. P., Concerning the distribution of cyan- 
ogen in grasses, especially in the genera Panicularia or Ghjceria and Tridens 
or Sieglingia. J. Biol. Chem., 1915, xxi, COl. 

“ Berl, E.^^nd Delpy, M., fiber die quantitative colorimetrische Bes- 
timmungen klenjer Blausaure-Mengen, Ber. chem. Ges., 1910, xliii, 1430. 
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ill others jiotiissiuin cyanide and glucose had been added. The 
experiments with Prunns tirginiuna and Andropogoji sortjlnm are 
recorded in the table. 


T.VDt.L: I. 


The Quantities of II i/drocyanic .Iciil liccuLcrahlc from the Leaves of Primus 
virginiana ami of .indropogon sorghum Muccrnicd with Potassium 
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In Experiment 1, given in section A of the table, 50 gm. of the 
finely comminuted leaves of Priaius were distilled at once from 
350 cc. of a per cent sulfuric acid. In Experiment 2 of the table 
distillation was made after the comminuted leaves of Prunus had 
macerated in distilled water for 24 hours in a stoppered flask in 
presence of toluene, enough concentrated sulfuric acid being added 
just before distillation to make a 5 per cent solution. In other 
e.xperiments, not tabulated, 50 gm. portions of the comminuted* 
leaves were macerated with 350 cc. of distilled water, or with 
water and enough toluene to inhibit the growth of microorgan- 
isms. After standing 18 to 24 hours enough concentrated sul- 
furic acid was added to each flask to give a concentration of 5 
per cent of sulfuric acid and the mixture was immediately distilled. 
As appears from section A of the table only a portion of the hydro- 
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cyanic acid present in the plant was recovered after maceration. 
In the experiments recorded in section B of the table the same 
phenomenon in the leaves of Andropogon sorghumis further studied. 
In the case of Experiment 3 the distillation was made at once, as 
just described for the leaves of Primus. In all of the subsequent 
experiments the finel}’^ coimninuted leaves were macerated for 
varying lengths of time with added potassium cyanide. In Experi- 
ment 4 maceration was made at room temperature, while in Ex- 
periments 5 to 7 incubation was made at 37°C. For Experiments 
8 and 9 of section C of the table 100 gm. of the comminuted leaves 
of Andropogon were heated quickly to the boiling point, and, 
after cooling, divided into two equal portions. One of these (Ex- 
periment 8), after receiving enough sulfuric acid to give a 5 per 
cent solution, was distilled at once; the other (Experiment 9) 
was macerated in presence of added potassium cyanide and in- 
cubated at 37°C. before distillation from sulfuric acid, as shown 
in the table. In all cases less hych'oeyanic acid was found after 
maceration, either with or without the addition of cyanide, than 
could be obtained by distillation of the fresh comminuted leaves. 
The calculated findings of autogenous hydrocyanic acid are based 
on the findings given in Experiments 3 and 8. 

For purposes of comparison between cyanogenetic and non- 
cyanogenetic plants, 50 gm. portions of the finely comminuted 
leaves of Sambucus canadensis were distilled at once from 350 
cc. of 5 per cent sulfuric acid. No cyanide could be detected in 
the distillate. Other 50 gm. portions of the leaves of Sambucus 
were allowed to macerate in stoppered flasks for 24 hours in 350 
cc. of water in presence of toluene. They were then distilled after 
adding enough concentrated sulfiuic acid to give a 5 per cent so- 
lution. No cyanide could be detec ;ed in the distillate. Toother 
50 gm. portions known amounts of a standardized solution of 
potassiiun cyanide were added in a total volmne of 350 cc. Of 
‘these mixtures a number were distilled at once with enough con- 
centrated sulfuric acid to give a 5 per cent solution. All the cya- 
nide added ,was recovered iir the distillate. The other mixtures 
were not distilled at once, but were allowed to macerate in stop- 
pered flasks in presence of toluene from 6 to 36 hours. All of 
the cyanide wYis recovered in these experiments also. 

In certain other experiments not recorded in the table 100 gm- 
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portions of leaves of Aiulrojwijoii sorghum and leaves of Sambucus 
miKulcnsis woro macerated with known amonnts of added potas- 
sium cyanide ami o ":m. of glucose. As controls similar experi- 
ments without i^Incose were perfonncil. After IS hours of mac- 
eration at room tem])erature, all of the portions were distilled 
in the manner above described. The amount of hydrocyanic acid 
recovered was as };reat from those portions that had been macer- 
ated with glucose as from those without it. 

It is evident from the experiments reported in section A of the 
table that the amount of hj’drocyanic acid which can be sepa- 
rated by distillation with a 5 per cent sulfuric acid from the 
leaves of Prunus virgiiiiaiia is greater if thej’ are distilled at once 
than if they arc first macerated. It therefore follows that during 
maceration the hydrocyanic acid naturally present in the plant is 
in part either destroyed or converted into a form in which it is 
not separable by hydrolysis in the usual way. It is evident from 
experiments recorded in section B of the table that in the case of 
Andropogon sorghum added cyanide can be recovered only in part 
after maceration. Apparently, the macerating plant tissue ex- 
erts the same action upon added cyanide that it exerts upon hy- 
drocyanic acid set free from its glucoside. Results recorded in 
section C of the talde give some indications concerning the nature 
of the mechanism which is responsible for the disappearance of 
the cyanide. This experiment shows that in the presence of com- 
minuted sorghum that has been heated, cyanide disappears, at 
least to as great a degree as in the presence of unheated, com- 
minuted sorghum. It therefore follows that the mechanism is not 
dependent upon the presence of living protoplasm or of enz 3 Tnes. 
Hence it is probable that in the case of sorghum, at any rate, the 
disappearance of the cyanide is dependent upon some chemical or 
physical phenomenon. It is probably not due to adsorption by 
the plant fiber, for, if that were the case, it would have occurred 
with Sambucus. Whether this phenomenon is a reaction with al- 
dehyde or with some other reacting substance, or is some quite 
different phenomenon remains to be ascertained. It is apparent 
from the experiments with Sambucus canadensis that this phe- 
nomenon is not universal in plant leaves. If it is a chemical 
phenomenon it would be natural to suppose that it might be ni- 
trile formation since most plants contain a variety of aldehydes, 
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the commonest of which is glucose. That glucose is not con- 
cerned in the phenomenon is evident from che experiments above 
described. 

It follows from the results above described, as well as from the 
statements in the literature, that there are a number of causes for 
the losses of hydrocyanic acid from plant tissues whereby the 
accuracy of the determination of h 3 ’’dro cyanic acid in plant tissues 
is impaned. That these facts must be considered in making such 
determinations has not hitherto been recognized. Among the 
causes of these losses are incomplete hydrolysis of the glucoside 
and disappearance of the hyctrocjmnic acid during maceration. 
In making determinations of hydrocyanic acid in plant tissues, 
therefore, the dm'atiou of distillation for the complete removal of 
the hj’drocyanic acid must be determined for each species. More- 
over, it is necessarj’ in determining hydrocyanic acid in plants to 
do so by maceration, bj' direct distillation, separately, of both the 
fresh and the macerated plant, and by distillation, after extrac- 
tion, as suggested by Henry and Auld. In this way the method 
which yields the greatest quantity of hj^di'ocyanic acid can be 
determined for each species. 

SUMMARY. 

In this paper it has been shown that the leaves of Prunus vir- 
giniana must be distilled with acid 4 hours before all of the hydro- 
cyanic acid is hberated, whereas in Andropogoii and Paniculfria 
less than 1 hour is sufficient to liberate all hydrocyanic acid pres- 
ent. It is further shown that in macerating plant tissues that 
contain hjMrocyanic acid a certain amount of the hydrocyanic 
acid present or of cyanide that maj'- be added is so converted 
that it is not recoverable bj"^ distillation with sulfuric acid. This 
is not due to the action of enzymes or to the presence of glucose. 
It is here shown that in determining hydrocyanic acid in plants 
several methods in corroboration of each other must be used. 



CYANOGENESIS IN PLANTS. STUDIES ON TRIDENS 
FLAVUS (TALL RED TOP).‘ 

By ARNO VIEIIOEVER, CAUL O. JOHNS, and CARL L. ALSBERG. 

{From the Bureau of Chemistry, United Slates Dcpartincnl of Agriculture, 

Washington.) 

(Received for publication, January 18, 1916.) 

Tridens Jlavus (L.) Hitchcock (1) is a grass .sometimes attaining 
a height of 6 feet. It has been described by difl'erent botanists 
under a variet}’ of names. The most important synonyms are 
Sieglingia scsleroidcs (Mich.) Scrilmer, Triodea cuprea Jacquin, and 
Poaflata (L.). It is found widely distributed in the United States, 
occurring from Massachusetts to Kansas and south to Texas. The 
specimen described by Linnaeus was obtained from Virginia and 
had a yellow panicle, hence the name jlavus. The specimen on 
which our work was done had a purple jianicle. This form is the 
most common in or around the District of Columbia. 

In a series of investigations on grasses (2) it was found that 
Tridens flauus yielded hydrocyanic acid. In our present work we 
used plants collected in August, September, and October, 1914. 
The hydrocyanic acid was liberated by distilling the plant with 
dilute sulfuric or tartaric acids and the amounts were determined 
colorimetrically as Fmssiaii blue (3). 

The whole plant, including the roots, collected on Aug. 18 and 
examined without drying, yielded 0.0075 per cent of hydrocyanic 
acid. In the plant collected on Sept. 22 we found only a trace 
of hydrocyanic acid, and none in plants collected in October. 
That the- hydrocyanic acid was not present in the free state in 
the plant collected in August was shown by the fact that a distilla- 
tion with .steam gave a negative result. 

The August plant, after drying in desiccated air at 50°C., re- 
tained 0.0066 per cent of hydrocyanic acid, and this quantity still 

‘ This paper was presented at the meeting of the Society of Biological 
Chemists held at St. Louis in December, 1914. 
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remained after the dried plant had been ground and left exposed 
to the laboratory atmosphere for 3 months. A sample of the 
fresh August plant was dried in the laboratory atmosphere for 
more than a month. When examined at the end of this period 
it contained only 0.0015 per cent of hydrocyanic acid. Another 
sample of the same plant, stored for the same length of time at 
0°C. gave 0.0013 per cent of hydrocyanic acid. Parts of the fresh 
August plant, dried in the same manner and for the same length 
of time, were examined to ascertain the distribution of the hydro- 
cyanic acid in the plant, with the following results: 


jjfT cnii 

Inflorescence tops stripped of flowers . . 0.0037 

Stems . . . 0.0030 

Green leaves 0.0017 

Dead yellow leaves 0.0000 

Root ■ Trace. 


The flowers selected for this experiment became mouldy, but 
after drying .still gave about 0.0002 per cent of hydrocyanic acid. 
An analysis of flowers from the Augu.st plant, which had been 
stored at 0°C., was made and 0.0025 per cent of hydrocyanic 
acid was found. The very snmll amount of this acid found in the 
September plant was located chiefly in the unripe seeds. Fre.di 
ripe seeds from the October plant gave a negative test. 

We found that when Tridem was macerated for some time in 
water before distilling with acid, a considerable loss of hydrocyanic 
acid ensued. Thi.s re.sult agrees with recent observations made by 
Alsberg and Black (4) on other plants and may have an important 
bearing on the results obtained by other workers in this line. 
For instance, in the investigations of Treub (5) on a large nmnber 
of plants, the quantity of hydrocyanic acid obtained was increased 
by macerating the plant before distilling. Apparently in a num- 
ber of cases where such an increase was observed after maceration, 
the material was distilled without the addition of a strong acid. 
If the macerated or lumiacerated plant had been distilled together 
with a strong acid, different results might have been obtained, 
depending, of cour.se, on the character of the cyanogenetic com- 
pound present. 

Many cases are well known where hj^drocjmnic acid is liberated 
from plant material during maceration in water. The liberation 
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of the hyilioeytuiic Jieid in Midi eiiscN is due to uii eii/ymic reac- 
tion. For e.vunple, nJieit liitter aimoiuis aie inacciated with 
t\atcr, tile omyino emulsin (0), wliidi is jnesent tottetlier with the 
ainygdalin, decomposes tiiis eyanoffcnetie eom]iound mainly in 
sucli a manner tliat tlie liydioeyanic acid is set fua-. Tlie enzyme 
leaetion pioeeeds as follows: 

1 . cji, ciiicx) t) oaii.o. *) 

Vinjgd dm 

= C.II, ClI(C.V)'o CdhiO -rCJli.O, 

-Mandclomtrde gliicoaide (iliitose 
Cdl. CH(CX) () CJ[,,0.+ U..() = Cau CH(CX) OIl+Csll.-Os 
.Maadclonitnle glucoaide .M.indelonitnle Glucose 

3 car, cii(cxj on = cat. cno + ncx 

.\r.iudcloiutrde Uenz.ddeludc IIj drocj anic acid 

On tile otlier liand, if tlie bitter ahnonds arc distilled under 
Usual conditions with acids without pievious maceiation the mam 
leaetion is difTeieiit, lesultiiifi; in the formation of mandelonitrile 
and glucose, onb' a small quantity of hj'diocj'-anic acid being ob- 
tained.- The mandelonitrile is further hycliolyzed by acids to 
mandelic acid and aimnonia. These leactions may be showm as 
follows: 

1. C.„H„X0„+2lI,0 = C.Hi CH(CX) OlI+aCeH.-Oo 
.tmygdalm Mandelonitrile Glucose 

CabCH(CX) 0H+2H;0 = CeIh CHOH COOH + XHj 
.Mandelonitrde Mandelic acid Ammonia 

It lias also Ijceii observed that when certain plants are macei - 
afed in dilute solutions of potassium cyanide (4) a large quautit.i 
of the potassium cyanide cannot be recovered as hydrocyanic acid 
hy subsequent distillation with a stionger acid. Tridens belongs 
to this class of plants. When knowm weights of potassium cyanide 
were added to a mixture of the plant and water in tiglitlj" stop- 
pered fiaslcs which were kept at tcmperatm’es varying from 
0'30°C., a loss of potassium cyanide occurred in every case and 
this loss increased with the period of maceration. When sodium 
hydroxide was added to the above mixture the loss of cyanide wa- 

- E'cperiments on the distillation of ainygdalin with acids under varj mg 
tonditions have been undertaken and will be reported in another paper 
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much greater. On the other hand, when tartaric acid was added 
to the mixture of plant, water, and potassium cyanide, there was 
no loss of cyanide on distilling after maceration. The loss of 
cyanide might be due to a chemical reaction between some of the 
compounds contained in the plant and the potassium cyanide. 
It is rvell known that cyanides react with a large munber of or- 
ganic compounds, such as aldehydes and ketones.^ 

The loss of cyanide during maceration might also be ascribed 
to an enzymic action, such as the action of a plant oxidase that 
could change the potassium cyanide to potassium cyanate. 

In this connection it might be well also to consider the action of 
bacteria which could grow in the maceration mixture. 

Adsorption of the potassiunr cyanide by the plant during the 
period of maceration might also account for this loss, since it has 
been found that vegetable fibers adsorb salts (7). 

To ascertain if volatile aldehj^des or ketones were present, 
which tvould react nuth the cyanide, we made an infusion of the 
plant with water and distilled over more than one-half of the 
liquid. Potassium cyanide was allowed to stand in this distillate, 
and on acidifjdng and distilling there was no loss of cyanide. A 
portion of the distillate was made alkaline with sodium hydroxide, 
potassiiun cyanide tvas added, and after standing a day all the 
cyanide was recovered. Hence the loss of potassium cyanide was 
not due to volatile aldehydes or ketones. 

The plant mentioned above, which had been heated more than 
1 hour during the distillation, still had the power of acting on 
potassimn cyanide, the loss being over 20 per cent on macerating 
for 27 hours at 15°C. As the distillation removed only volatile 
products, it is still possible that the loss of potassium cj'anide was 
due to a chemical reaction. 

Attempts were also made to prevent enzyme action by boiling 
the plant in alcohol and by macerating with dilute alcohol. 
subsequent distillation, either with or without the addition of 
acids, only a part or none of the available hydrocyanic acid was 
obtained. 

’Dezani'has shown that hydrocyanic acid is transformed to ammonia 
by' vegetable juices (Ath II Cong. naz. chim. appi., Turin, 1911). Oar 
attention wasValled to this paper after we had been forced to discontinue 
our experiment on account of lack of material. 
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To exclude definitely the action of enzymes the October plant 
was heated in dry air up to 130°C. for 4 hours. On maceration 
with potassium cyanide at 15°C. for 43 hours, the loss of cyanide 
was about GO per cent. The August plant, heated in the same 
manner, although it lost three-fourths of its available hydro- 
cyanic acid, still acted on potassium cyanide under similar condi- 
tions, also causing a loss of about GO per cent. 

To exclude the action of bacteria and enzymes and the adsorp- 
tion of potassimn cyanide by plant Gbers, an aqueous extract 
from the October plant was filtered and sterilized. Potassium 
cyanide was added to this liquid and a loss of 40 per cent of 
cyanide was observed after the mixture had stood at 15°C. for 
45 hours. Those .results indicate that the loss of potassium 
cyanide is due to a chemical reaction. 

That an cnzjmie is present in Tridens was shown by the action 
of the October plant on a solution of amygdalin. In 20 horns, 34 
per cent of the amygdalin was hydrolyzed. The action of emulsin 
on Tridcm Jlavus was tried and the same quantity of hydrocyanic 
acid was found as in a control e.xperiinent without emulsin. 

Wlien more material is available we intend to continue our 
studies on this plant and attempt to isolate the cyanogenetic 
compound and the enzyme. 

EXPERIMENTAL PART. 

The general method employed to obtain the hydrocyanic acid 
from the plant was as follows: The plant was placed in a flask of 
convenient size. The material was then covered with a measured 
volume of water, and sulfuric, or usually solid tartaric, acid was 
added to make a 5 to 10 per cent solution. The flask was imme- 
diately attached to a condenser, to the end of which a delivery 
tube was fitted. This tube was dipped into a dilute solution of 
sodium hydroxide. The mixture was boiled until the distillate no 
longer gave a test for hydrocyanic acid. In the case of Tridens 
all the available hydrocyanic acid was obtained before one-half 
of the water had distilled over. The volume of the distillate was 
ascertained, and an aliquot part was analyzed by converting the 
cyanide to Prussian blue and estimating this colorimetrically (3). 
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Determination of Hydrocyanic Add in Tridens Collected on Aug. 18. 

250 gm. of the whole fresh plant, including the root, were dis- 
tilled without previous maceration, as described above. The 
yield of hydrocyanic acid was 0.0075 per cent. 

A large sample of the above mentioned plant was dried at 50°C. 
in a stream of desiccated air. This material was then ground and 
left exposed to the laboratory atmosphere. Portions were ana- 
lyzed at different intervals up to Nov. 9. AU these analyses gave 
0.0066 per cent of hydrocyanic acid. 

Effect of Maceration on the Yield of Hydrocyanic Add. 

To determine the influence of maceration, experiments were 
made with the ground August plant dried as mentioned above. 
This contained 0.0066 per cent of hydi’ocyanic acid. The results 
given in Table I indicate that maceration duninished the quan- 
tity of available hydrocyanic acid. 


TABLE I. 

Effect of Maceration on the Yield of Hydrocyanic Acid. 


Weight 
of plant. 

B 

Time of 
maceration. 

Tempera- 
ture of 
maceration. 

HCN in plant 
aa KCN. 

HCN 

• recovered 
as KCN.- 
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cc. 
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gm. 

gm. 

per cent 

50 

600 

6 

15 

■ o.oos 

0.0057 

29 

50 

600 

IS 

15 

o.oos 

0.0047 

41 

50 

600 

18 

Room. 

0.008 

0.0040 

50 

too 

1,000 

20 


0.016 

. 0.0091 

43 

50 

600 

23 

15 

0.008 

0.005 

38 

50 

600 

42 

15 

O.OOS 

0.0052 

35 

50 

600 

65 

15 

0.008 

0.0034 

58 

25 

300 

2 

34 

0.004 

0.0036 

10 

25* 

300 

2 

34 

0.004 

0.0036 

10 

25 

300 

24 

34 

0.004 

0.0000 

100 

25* 

300 

24 

34 

0.004 

0.0000 

100 


* 0.5 gm. of emulsiii added. 


Effect of Distilling with and without the Addition of Acid undef 
I Varying Conditions. 

Experiments were made to determine the effect of distilling 
macerated\or unmacerated plant without the addition of aci 
It was found that in every case distillation without the addition 
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of acid ic-ultcil in a partial or coiupletc Io:-i of the available hj'dro- 
cyauic acid. Similar o.xperiments wcie made in which dilute 
alcohol wa-^ used instead of nater. The lo'-ses here weie moie 
pionounced. The results of the-'C experiments aie shown in Table 
II. 

rviiLU II 

l^STccl of Dit>tillinii mill mid mthoul the Addition of Acid under Voriiinij 

Conditions. 


“u - 

\\ itt.r iiitinl 

1 lino of 
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20 

15 
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25 
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25 
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of 95 per 
cent al- 
cohol 30 

min 
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• 

li 

■ 
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TABLE VI. 


Xitrous Oxide and Ether Anesthesia. 
Laparotomies. 


Duration. 

Xo. of cases. 

A. 

B. 

C. 

Increase of 
B over A. 

viin. 


per cent 

pa cent 

per cent 

per cent 

20-30 

4 

0.102 

0.140 

0.096 

37 

30-40 

7 

0 090 

O.llS 

0.083 

31 

40-60 

5 

0.094 

0.120 

0.093 

27 

60-90 

9 

0.097 

0.161 

0.134 

66 

Over 90 

2 

0.0S9 

0.143 

— 

61 

All cases. 

27 

0 09G 

0 138 

0.109 

44 


TABLE VII. 


Nitrous Oxide and Ether Anesthesia. 
Extraperitoneal Operations. 


Duration. 

j Xo of cases. 

1 

A. 

B. 

C. 

Increase of 
B over A. 

Gynecological cases. 

rmn. 


[ per cent 

per cent 

per cent 

percent 

10-20 

1 

1 0 080 

0.104- 

0.084 

30 

20-30 

4 

i 0 098 

0 123 

0.083 

26 

' 30-40 

2 

0 094 

0 131 

— 

40 

40-60 

o 

0 105 

0.141 

0.112 

34 

60-90 

2 

0 085 

0 112 

0.103 

32 

.4.11 cases 

14 

0.097 

0.128 

0.100 

32 

Renal cases. 

60-90 

3 


0 154 

WBm 

73 

110 

1 

HImIbS 

0 204 


134 

.411 cases 

4 

0 OSS 1 

0.166 

mm 

89 

Xeurological cases. _ 

60-90 

2 

0 091 

0 142 

0.106 

! 56 


Miscellaneous cases. 


20-30 

4 

0 084 

0.112 


30-40 

3 


0 123 


40-60 

2 


0.121 

0.101 

60-90 

3 


0 156 

0.101 

.411 cases 

12 



0.104 
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rotomies; (2) exlraperitoiieal operations. This general grouping 
i.s made because of the reputed eftcefc of intraperitoneal operations 
on the blood sugar content. In the accompanjdng tables the 
results are grouped according to the above scheme, specifying, 
however, the location of each group of operations and the dura- 
tion of the anesthesia. Column A represents the average sugar 
content of tlie blood e.\‘amined ju.st before anesthesia; Colmnn B 
repre-sents the average sugar content directly after the operation; 
and Column C represents the sugar content 24 hours after 
operation. 

In fiftj'-seven of the sixty cases examined there was a well 
marked increase in the blood sugar content after anesthesia and 
operation. In one case (Xo. 9, a plastic lasting 70 minutes) 
there was a rise of only 0.001 per cent within the limit of error. 
In another case (No. 39, Table III, a urethroplasty lasting 50 
minutes) there was a decrease of 0.004 per cent, in a third a 
decrease of 0.006 per cent. 

The average results in all kinds of cases, regardless of duration, 
showed a decided increase after operation, and the persistence of 
a moderate increase 24 hours later. Reference to Tables VI, 
VII, VIII, and IX will give the figures for the different groups 
of cases studied. 

T.VBLE VIII. 

Nitrous Oxide ami Ether Anesthesia. 

Summary, According to Nature of Operation. 


/ 

Nature of operation 

No of 
cabcs 

A. 

B 

C. 

In- 
crease 
of B 
over A 

intrape lal 

27 

H 

percent 

0 138 

I 

per cent 

44 

Gynec^/ al 

14 


0 128 


32 

Rena;'£5 -S' 

4 


0 166 


89 

Xeur' 

2 

■jwiiil 

0 142 

0 106 

56 

Misc" peons incliKling 

12 

0 093 

0 127 


37 

Hei’t fas . . 

4 

liliBBl 

0 138 



Tl o?oids (not exophthalmic) 

2 

0 093 

0 133 

0 110 

43 


In cases (Table IX) which were under anesthesia for less than 1 
hour the average percentage increase of B over A varied from 15 
to 37 per cent. The increase of only 15 per cent was seen in two 
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TABLE IX. 


Nitrous Oxide and Ether Anesthesia. 

Laparotomies and Non-lajiarotomies, Grouped According to Duration of 

Anesthesia. 









In- 


Xo. of 
cases 


4. 

B, 


c 

crease 

ofB 








over A 



percent 

percent 

per cent 

pfTCfUl 

Duration 20-30 nun 








Laparotomies 

4 

0 

102 

0.140 

0 

096 

37 

N on-Iaparotomies 

S 

0 

091 

0 118 

0 

096 

30 

Duration 30-40 min 








Laparotomies 

7 

0 

090 

0 118 

0 

083 

31 

Non-lapaiotoinies 

5 

0 

098 

0 127 

0 

102 

30 

Duration 40-C0 mm. 








Lap 11 otomies 

5 

0 

094 

0.120 

0 

093 

27 

Non-laparotomips 

7 

0 

105 

0 135 

0 

109 

30 

Duration 00-90 mm. 







66 

Lapai otomies 

9 

0 

097 

0.161 

0 

134 

\nn-la,iaiotnmiPs 

10 

0 

0S9 

0.144 

0 

103 

62 

Of these, 








Reral casts 

5 

0 

090 

0.149 

0 

103 

65 

Others 

5 

0 

0S7 

0 138 

0 

102 

59 


miscellaneous e.xtrapentoneal procedures lasting 40 to 60 min- 
utes. The increase of 37 per cent was seen in a group of four 
laparotomies lasting 20 to 30 minutes. 

In cases (Table IX) which were under anesthesia for more than 
1 hour the/average percentage increas^'^i^d from 32 to 89 pnr 
cent. The increase of 32 per cent was seenT ^’"'0 gynecologic 
cases, plastic operations lasting 60 to 90 nZLut^s. The in- 
crease of 89 per cent was seen in a gi’oup of four fp^’jec.onnea 
lasting from 60 to 110 minutes. 

The greatest percentage increase of B over A 
this group of nephrectomies (Table VIII). In Ca 
phi-ectomy for hydronephrosis, lasting 110 minutes) the’"— 
were A, 0.087, B, 0.204, C, 0.096 per cent, a rise of 134 
of B over A, the largest increase in the series of cases e.x'an / 

From a study of Fig. 1 we conclude that: (a) There wa’’'! 
difference between the effect of intraperitoneal operations 
e.xtraperitoneal operations upon the sugar content of/theW®. 
(b) The anesthesia pla 3 mcl the important role in the /nrodud>"“ 
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Fig. 1. Chart showing the course of the glycomia (Table IX). A, be- 
fore; B, at end of anesthesia; C, 24 hours later. Vertical lines, percentage 
increase of sugar after anesthesia of various duration. Continuous lines, 
laparotomies. Broken lines, extraperitoneal operations. 
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of the hyperglycemia observed, (c) The more marked increases 
in blood sugar content appeared when the anesthesia lasted 1 
hour or more. (Bang stated that deep narcosis produced hyper- 
glycemia of its own accord.) (d) The operation of nephrectomy 
had an especially marked effect in the blood sugar content and 
the operation of itself was responsible for a good part of the 
hyperglycemia, over and above the effect of the prolonged 
anesthesia. ^ 

Loss 0 / Blood . — As stated previously, loss of blood is known\^o 
produce a hyperglycemia. It is difficult to specify the degi’ee cf 
influence which this factor played in our cases. From an analysis^ 
of the cHnical data it may be stated that excessive bleeding 
was not encountered. Certain cases, such as No. 42 (Wertheun 
operation), in which a moderate loss of blood was incidental, 
showed a somewhat gr-eater rise than other cases, but not much 
beyond the range of the average. 

Post-operative Glycosuria . — This was found in only one of fifty 
cases in which the post-operative urine was examined for sugar 
with Fehling’s reagent. This was a plastic operation lasting 55 
minutes (Case 40). The readings for this case were A, 0.118, 
B, 0.232, and C, 0.200 per cent. 

The urine passed 8 hours after operation gave a well marked 
reduction. A specimen voided 24 hours later gave no reduction. 
The persistence of a well marked hyperglycemia 24 hours after 
operation was unusual. 

In view of the fact that anesthesia produces a well marked 
hyperglycemia in almost every case, we would expect glycosuria 
to result more often. That we do not find it may be due to one 
of two causes; (1) The percentage increase of blood sugar may 
be relative and not absolute, just as in the case of loss of blood. 
(2) The Iddneys may be rendered impermeable to sugar by the 
anesthetic. Further work upon this phase of the subject is id 
nroaress. 
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positive diagnosis of cancer and pregnancy. Kciiols” states that the dialy- 
sis method is of value when negative, showing the absence of pregnancy, 
bnt that a positive result may he due to errors in fechnigue. Carlson, 
in answer to the last two atatement.s, s.aj’s that the Abderhalden test is not 
qualitative but quantitative, and that one could probably got a positive 
test in 100 per cent of the cases if the time for digestion wore c.vtonded, as 
polyvalent ferments arc present .alw.ays in the blood. This latter position 
is supported by many investigators. Flatow=- finds that the splitting of 
placenta occurs not only in the pregnant scrum, but also that the proteolytic 
ferments of the normal serum break up the proteins of the placenta unspeci- 
fically and quantitatively. He-* also objects to .Vbdcrhaldon’s results on 
the basis of his using "cooked” placenta, saying that “if specific ferments 
were present they would not show with cooked organs.” In his later work*' 
with casein, he finds that casein is digested by the normal serum and more 
intensely with the pregnant scrum. Michaclis and Lagermarck** were not 
.able to demonstrate a specific ferment for placenta, but obtained positive 
results even with men and old women in certain pathologic conditions. 
The results of many investigators indicate the presence of protcolj-tic 
ferments which evidently increase in quantity under certain conditions. 

Herzfeld** found the percentage of amino-acid greater in pregnant than 
in normal serum, indicating that the pregnant serum had increased fer- 
mentative powers. Schlimpert and Isscl** report increased ferments in 
animals during pregnancy, but they were not specific for the animals' own 
placenta. According to the recent investigations of Jobling, Eggstein, 
and Petersen,** placental tissue is not digested but actually resists, in an 
increased degree, cnzjmc action. Kolmcr and Williams*’ are of the opin- 
ion that during pregnancy there is an increase of the general proteolytic 
ferment of the serum; and recently they” state that there are two sets of 
ferments in pregnant serum; (1) normal non-specific ferment, and f2) spe- 
cific; the former released through the adsorption of the antiferment by non- 
specific substances, the second released only through specific protein 
antigen. 


*’ Echols, C. M., J- Am. Med. Assn., 1914, Ixiii, 370. 

*' Carlson, A. J., J. Am. Med. Assn., 1914, Ixiii, 1176. 

** Flatow, L., Miinch. mcd. Woch., 1914, Ixi, 468. 

** Flatow, Miinch. med. Woch., 1914, Ixi, 1168. 

*' Flatow, Miinch. med. Woch., 1914, Ixi, 1500. 

“ Michaclis, L., and Lagcrmarck, L. v., Deidsch. med. Woch., 1914, xl, 
316. 

*‘ Herzfeld, E., Diochem. Z., 1914, lix, 249. 

*’ Schlimpert, H., and Issel, E., Munch, med. Woch., 1913, lx, 1758. 

*® Jobling, J. W., Eggstein, A. A., and Petersen, W., J. Exp. Med., 1915, 
xxi, 239. 

*’ Kolmer, J. A., and Williams, P. F., Am. J. Ohsl., 1915, l.xxi, S99. 

*’ Kolmer and Williams, Am. J. Obst., 1915, Ixxii, 1. 
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The immunologists have also offered explanations for this increased ac- 
tivity during pregnancy and after injection of protein, as an immunity 
reaction. Vaughan^' states that he procures in guinea pigs, by immuniza- 
tion, a serum which will digest egg protein. He explains immunity as de- 
velopment of a serum which will digest foreign bodies and render them 
harmless. Jobling and Petersen’= explain this digestion in blood as due 
to non-specific proteolytic ferments or proteases normally present in blood 
and held in check by antiferments, which they believe to be unsaturated 
fatty acids. Bronfenbrenner^’ explains the reaction by saying that the 
results obtained bj' Abderhalden are due to the presence in this serum of 
specific substances that are not fermentative in nature, and that the sub- 
stratum is not digested, but that autolysis takes place and serum proteins 
are liberated, thus giving rise to protein digestion products in the blood. 
On the other hand, we have the evidence of Frank’^ that no experimental 
specific immune reaction to placenta can be demonstrated. Lake” also 
regards the possibility’ of producing an immune serum of therapeutic value 
in chorion epithelioma, by^ use of human placenta, as extremely slight. 
.Abderhalden®’ regards the diagnosis of pregnancy and carcinoma as depend- 
ent on the presence of ferments produced by the injection of the protein or 
tissue in question. De Waele,” however, did not succeed in preparing a 
senun that would give digestion with specific tissues, but he did find that 
the addition of even an inorganic substance will cause the liberation qf 
dialyzable, ninhy’drin-reacting substances. DeAVaele,®* and Heilner and 
Petri®’ show that ferments appear very quickly' after parenteral injection 
of the protein, in intervals hardly sufficient for the elaboration of new and 
specific ferments; they support the theory that the ferments are preformed 
and that the substratum serves to activate rather than to bring about the 
production of new ferments. 

The most recent work done on proteoclastic ferments tends to favor the 
opinion that the production of ferments during pregnancy and after the 
injection of protein is a quantitative and not a qualitative reaction. 
Sloan” observed that there may be an increase of proteoly'tic activity' ua- 


” Vaughan, V. C., J. Am. Med. Assn., 1914, Ixiii, 365. 

’’ Jobling, J. W., and Petersen, W., J. Exp. Med., 1914, xix,J59; Bull ' 
Johns Hopkins Hosp., 1915, xxvi, 356. 

” Bronfenbrenner, J., Schlesinger, M. J., and Mitchell, W. T., J. 

Med. Assn., 1915, Ixv, 126S. 

Frank, R. T., J. Exp. Med., 1907, ix, 263. 

” Lake, G. C., J. Infect. Dis., 1914, xiv, 385. 

” Abderhalden, Ferment forsehung, 1914, i, 20. 

” De Waele, H., Z. Jmmunitatsforsch., Orig., 1914, xxii, 170. 

De Waele, Z. Iminunitstsforsch., Orig., 1909-10, iv, 148. 

Heilner, E., and Petri, T., Munch, vied. Woch., 1913, lx, 1530. 

” Sloan, LcR. H., .47/1. J. Physiol., 1915, xx.xix, 9. 
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dcr (he above conditions. Van Slyke, Vinograd-Villchur, and Loseo<' 
found nearly or quite as much power to digest placenta in normal as in 
pregnant sera. Malone*- reported that he has found ferments, even in 
the urine, which would digest placenta. The clinical literature on the 
subject, supporting the cfliciency of the test and also denying its useful- 
ness, would fdl volumes and has been omitted here, because wo are con- 
cerned with the reaction from the chemical rather than from the clin- 
ical viewpoint. A full list of references may be found in Abderhalden’s 
Abircfir/crmcnfc. 


EXPKlllMENTAL. 

As stated in the introduction, the object of this investigation 
was to determine whether proteoclastic ferments or activity de- 
velop in the blood in response to the injection of a foreign protein 
and cause digestion when allowed to act on the protein injected, 
using a method which would not be open to the criticism of the 
dialysis method or of the ninhydrin reaction. The method fol- 
lowed in each case was practically the same, \^^nte rabbits were 
injected with an amount of protein varying from 100 to 800 mg. 
in solution or suspension, depending on its solubility in Ringer’s 
solution. The Ringer’s solution was boiled and cooled to about 
40°C. The protein was placed in this and after the hair had 
been cut from the rabbit and the skin disinfected with iodine, 
this solution was injected parenterally. Each rabbit received 
tliree successive injections, 1 week apart. The day following the 
last injection the rabbit was etherized and bled to death from the 
carotid. The blood was caught in a beaker and was stirred con- 
tinuously to deSbrinate it. The control animals were bled in the 
same way. The defibrinated blood was centrifuged, the serum 
decanted off, and portions w'ere used to obtain the figmes for the 
non-protein nitrogen according to the method of Folin,^^ except 
that we used, for some of the later tests, absolute ethyl alcohol 
instead of methyl alcohol. 

The rest of the serum was divided into 5 or 10 cc. portions ac- 

Van Slyke, D. D., and Vinograd, M., Proc. Soc. Exp. Biol, and Med., 
1914, xi, 154. Van Slyke, D. D., Vinograd-Villchur, M., and Losee, J. R., 
J. Biol. Chem., 1915, xxiii, 377. 

** Malone, R. H., Proc. Soc. Exp. Biol, and Med., 1915, xii, 126. 

*“ Folin, O., and Denis, W., J. Biol. Chem., 1912, xi, 527. 
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cording to the amount obtained, and these were diluted up to 50 
cc. with Ringer’s solution, made alkaline with 2 cc. 0.1 N NaOH 
and placed in a flask with 1 gm. of the particular protein, and 
incubated at 37.5°C. The first three were incubated for 24 hours, 
the next two for 48 hours, and the last tM’O for 42 hours. After 
incubation the contents of the flask were mixed with ten volumes 
of alcohol, and allowed to stand for 24 hours. The filtrate was 
treated with a saturated alcoholic solution of ZnCb, allowed to 
stand 24 hours, and a Kjeldahl nm on the filtrate. Bearing in 
mind the fact that Greenwald^^ could not recover all the amino- 
acid from an alcoholic filtrate, we did some check analyses vith 
2.5 per cent trichloroacetic acid, as recommended by him, but 
since the results checked so closely with the alcohol figures, we 
continued with the alcohol method. 

The results are summarized in the tables. 


T.\BtE I. 


E’tpenment. 

Ammal. 

Protamine i 

Experimental. 

U 

1 

Xormal . 

Casein . / 

1 

Experimental. 
^>ormal . 

r 

Bence-Jones | 

Experimental. 
Normal.. .. 

Phaseolin | 

Experimental 
Normal... . 

Edestin. [ 

Experimental 
Normal .. 

Gliadin / 

V 

Experimental. 
Normal . . 

Soy bean globulin 1 

Experimental. 

Normal 

Milk albumin f 

Experimental 

Normal 


IniectioD 




■■ 


Before 

After 

1. 

MB 

3. 

diges- 

digcs- 

H 


tion. 

tion. 

mg. 

mm 

mg. 

mg. 

mg. 

100 


100 



100 

100 

100 






. 


500 

500 

500 

0.040 





0.021 


250 

125 

’250 

0.034 







800 

500 

500 






0.039 

p 

o 

500 

450 

400 

0.039 

■jKjia 




0.030 

Kjl|^ 

350 

450 

400 

0.035 





0.100 

0.109 

250 

250 

250 






0.030 

O.Oil 

250 

250 

250 

0.037 





0 030 

yiii 


Greenwald, 1., J. Biol. Chem., 1915, xxi, 61. 
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TAnLi: II. 


r)ir<“‘tion tNith 

IncrcT«o of non-protem N. 

Injected anmi ils 

Normal animals 

Prolamine . 


mg. 

Casein 

1 

IG 

Bence-Jones 

25 

23 

Phnseolin 

.3 

- 1 

Edcstin 

G 

o 

Gliadin 

4 

0 

Soy bc.an globulin.. 

— 2 

11 

Milk albumin.. . 

lo 

12 


DISCUSSION. 

The results show plainly in all cases that under the conditions 
of the experiment there is practically no digestion with the blood 
of the injected animal in excess of that which takes place with 
the serum of the normal control animal. The greatest amount 
of digestion takes place in the case of the Bence-Jones protein 
and milk albumin, which would natural’y be expected, as these 
two proteins arc more nearlj’- related to mammalian proteins. 
With casein, the blood of the injected animal on the addition of 
casein gave a precipitin reaction, so that this might account for 
the greater increase of nitrogen in the normal animal; the pre- 
cipitin reaction might preclude the possibility of a proteoljd;ic 
action taking place. The results would also lead one to suppose 
that the blood of the rabbit possesses to a slight degree proteoly- 
tic activity, but that this activity toward a particular protein is 
not increased by injecting the animal with that protein. The 
criticism might be offered that these proteins are too foreign; but 
if the reaction must be discriminated on the basis of the protein 
being just foreign enough, it would seem that the possibility of 
usefulness becomes remote. 

The very premise that ferments (free or restrained) exist pre- 
formed in the blood is not strongly borne out in these data. The 
ferments are best regarded as endocellular entities; and under cer- 
tain conditions, not well understood, the cellular activity may be 
so stimulated that an excess of ferment is produced and overflows 
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into the blood stream (just as frequently trypsin occurs in the 
urine), but exists there not primarily for the purpose of digestion 
directly in the circulating blood. The fact that such varjdng 
results on the presence or activity of ferments in the blood have 
been obtained might be due to the fact that some of the investi- 
gators hav'^e accidentallj’’ reproduced the conditions under which 
the cells are stimulated to greater activity and the excess fer- 
ments then appeared in the blood. Om- results would lead us to 
believe that pure proteins at least need not call forth such in- 
creased activity. Even though there be in pregnancy a specific 
serum reaction, it is probably not one due to placental digestion 
in the blood. 

It is not demonstrated that the normal h3'^drolysis of the pro- 
tein of the bodj^ occurs in the circulating blood; indeed, it is much 
more likely that this occurs largely within the cells of the tissues. 
It is easily possible to imagine introduced foreign protein being 
taken into the bodj" cells and hydrolyzed there, wnthout any re- 
action appearing in the circulating plasma. It may be shown 
that foreign protein introduced into the venous blood may he 
taken up by the tissues.^^ In like manner, it might be imagined 
that the placental cells entering the maternal circulation would 
be held and hj'drolyzed wdthin the tissues, and leave no trace of 
any enzjnnic or other activity in the circulating plasma. In 
theorj^, therefore, one must separate the question of hydrolysis of 
foreign proteins from the question of the reaction of the maternal 
bodj’' to placental cells. It is entirely possible that there is a 
specific reaction of the host to placental cells or to neoplasms, 
without this being a hydrolj’^sis of their proteins in the circulating 
blood dependent on the presence there of enzjrmic activity. 

SUMMARY.' 

Protamine, phaseolin, and gliadin are not digested to any de- 
gree by either normal serum or that of an animal injected with 
these substances. 

Casein and soj^ bean globulin are digested to a greater e-xtent 
by the normal serum than bj^ that of the injected animal. 


Unpublished data. 
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Edestin and milk albumin are digested to the same degree by 
the normal and experimental serum. 

Bence-Jones protein is digested to a marked degree by both 
sera and equally n’cll in each case. 

I take this opportunity to thank Professor Alonzo E. Taylor, 
•at whose suggestion this work was undertaken and under whose 
direction it was carried out, for his help, both in the experimental 
work and in reading and revising the manuscript. I also thank 
Professor Alendel and Dr. 0.sborne for the proteins^' supplied by 
them. Dr. Is.aac F. Harris,^^ for those supplied by him, and Drs. 
Taylor and IMiller for the Bence-Jones protein. 

“ Casein, edestin, gliadin, jiliaseolin. 

*• Soy bean globulin, milk'albumin. 
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Assimilation of Glucose 


Sugar Data. 


Blood sugar content at 

Urine 

10 a m j 

1pm 

200 gm gluco<=e | 

jer cent 

per cent 


0 09 

0 09 


0 10 

0 10 


0 12 

0 08 


0 11 

0 11 


0 12 

0 12 


0 11 

0 15 

Slightly -f 

0 12 

0 12 


0 OS 

0 07 

Slightly -b 

0 09 

0 08 

+ + 

*0 OS 

0 13 


*0 09 

0 12 


0 08 

0 09 

+ 

0 09 

0 10 


0 07 

0 09 


0 08 

0 09 


*0 07 

0 10 ' 

+ 

0 10 

0 09 


0 10 

0 07 


0 10 

0 12 1 


0 OS 

0 10 


*0 06 

0 11 


0 10 

0 07 


*0 12 

0 15 



Blood sugar content at 

Urine 

10 a m 

1 p m 

200 gm glucose 

per cent 

per cent 


*0 08 

0 10 


0 10 

0 09 


0 11 

- 


300 gm. glucose 

•0 10 

0 16 


0 14 

0 16 

Slightly + 

0 11 

0 13 

+ 

*0 07 

0 14 


0 13 

0 14 


0 11 

0 13 

+ 

0 10 

0 10 


0 07 

0 09 


*0 10 

0 14 

— 

400 gm glucose 

0 14 

0 12 

— 

0 07 

0 07 

— 

*0 10 

0 13 

4* 

0 07 

0 09 

Slightly + 

0 10 

0 09 

— 

0 09 

0 09 

— 


* The asterisks indicate cases rihere theie was a rise in blood sugar 
gi eater than might be due to the experimental error in the method 


From the figures it is clear that nearlj* all the subjects toler- 
ated the ingestion of 200 gm. without exhibition of glucosuria- 
Of nine subjects who ingested 300 gm. only three displayed glu- 
cosuria. Of the six who ingested 400 gm. only two had glucosuria 
The figuies for the blood sugars lun wathin the limits to be ob- 
served with the use of the Bang method. In some instances the 
figure is at the very upper limit of the normal, but these figures 
were by no means observed following the largest ingestions. The 
figures for blood sugar are of relative value onlj’^, because of the 
time fixed for the estimations, 3 hours after ingestion. It uas to 
be expected that this arbitrarj'- time was too earty for the top ot 
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the wave in some subjects, loo late in otliers. The general con- 
clusion may be drawn, however, that such ingestions do not 
markedly influence the sugar content of the blood. 

Tn-o points in the tccimique required checldng. Were results 
of tests done 2 \ to 3 hours after a light brcalvfast as described, 
assumed to hold for the empty .stomach? To determine this 
point, 400 gm. of glucose were given four times, without blood 
examinations, in each instance Avith negative results. Did the 
presence of lemon juice, sometimes given to flavor the large mass 
of syrup, modify the result? 400 gm. were given four times, 
without lemon juice, on the empty stomach, with negative results. 
Are 400 gm. the limit of ingestion? In five instances, without 
blood examinations, 500 gm. were given, with the production of 
glucosuria in but one. We regard 500 gm. as the physical limit 
of ingestion, except in one who has trained to the test; it is very 
large in bulk, inclines to nauseate, and apparently the excess is 
not rapidlj' absorbed, so that the test probabl}’- means no more 
than does the administration of 400 gm., which is usually toler- 
ated. 

Polyuria occurred rarely, and there was no relationship be- 
tween the polynria and glucosuria. Intestinal disturbances were 
not obsen^ed. An attempt was made to repeat the series Avith 
levulose, beginning at 300 gm. on account of scarcity of the pure 
material. But we found that, as a rule, our healthj'^ students 
could not ingest 300 gm. of levulose without intestinal disturb- 
ances. 400 gm. administered to three men caused profuse diar- 
rhea with copious AA'aterj’- stools, AAuthout sugar in the sparsely 
secreted urine. 'Rfliether this result is inherent in such amounts 
of levulose or whether due to some impurity in the supposedly 
pure preparation we used, could not be determined. 

Apparently there is in the majority of healthy adult males no 
limit of assimilation of glucose; glucosruia does not occur follow- 
ing the largest possible ingestions of pure glucose. These results 
confirm the findings of Woodyatt, Sansum, and Wilder.^ 

’ Woodyatt, R. T., Sansum, W. D., and Wilder, R. M., J. Am. Med. 
Assn., 1915, Ixv, 2067. 




THE QUANTITATIVE DETERMINATION OF THE TOTAL 
PROTEIN AND NON-PROTEIN SUBSTANCES 
OF MUSCLE. 

II.IPROVED TECHiaQUE. 

Bv X. W. JAXXEY. 

{From the Chcmicnl Laboralort; of the Montefiore Horte and Hospital for 
Chronic Imahds, Xcir York 'i 

(Received for publicotion. April 10, 191G ) 

A method for the quantitative determination of the protein and 
non-protein muscle substances was described in a pre%-ious com- 
mrmication.‘ The principle involved was coagulation of the pro- 
tein substances udth aid of acetic acid and sodium chloride, 
followed b}’ separation from the non-protein material through 
extracting udth water, alcohol, and ether. It ha«. however, been 
ascertained as a result of added e.xperience that the technique can 
be considerably improved. Particularly when the muscle was 
not fresh it was observed that a sample could rarely be met with 
in which the protein failed to be rendered entirely insoluble by 
acetic acid and saline, even when the coagulation was carried out 
with the greatest pains. On investigation, the loss of protein aris- 
ing from this cause usually proved inconsiderable, but in the three 
highest instances it was found to lie between 1.0 and 3.5 per cent. 
The subsequent filtering and washing was tedioush* delayed under 
these circumstances. 

Owing to the need of a reliable method for the determination of 
the meat proteins, efforts were made to develop a more satisfac- 
tor 3 ' procedure. No departure was made from the principle of 
direct determination of the protein substance inasmuch as a com- 
plete separation of this material from the non-proteins is also es- 
sential for an accurate indirect determination of the protein by 
means of nitrogen analyses. Consequently, in seeking for a more 

’ Janney, X. W., and Csonka. F. A., J. Biol Chem , 191.5, ■cxii. 195. 
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T\BLE II. 


Control M-uscle Analyses. 


“ — 




Protein 

Error due to 

Species 

Muscle for 
analj sis 

Protein found 

recovered " 
from I 

extract'* 

’rotein Ic^t 
in 

extracts 

A«h 

m protein 
found 

Rabbit 

gm 

10 0053 

gm. 

1 6250 

pfr cent 

16 2 

mg 

per cent 

pi' cent 

-f 0 055 

Cat I* 

9 9945 

1 7548 

17 6 

38 7 

-0 39 

+0 on 

“ II. 

9 9S60 

1 7820 

17 S 

33 8 

-0 34 

Dog I 

10 0030 

1 729 

17 3 

29 4 

-0 29 

-f 0 OS 

“ II 

9 9995 

1 722 

17 2 

29 8 

-0 30 


Fish (halibut) 

9 9935 

1 6705 

16.7 

16.4 

-0 16 

4-0 05 

0\ 

10 0000 

1 7230 

17 2 

24 7 

-0 25 


it 

10 0000 

1 4060 

14 1 

11 2 

-0 05 

4-0 01 

“ I 

10 0109 

1 6995 

17 0 

6 3 

-0 06 

4-0 0" 

“ II 

10 0143 

1 7008 

17 0 

8 0 

-0 08 

.Man 1“ 

10 0000 

1 2010 

12 0 

1 1 

-0 01 

4-0 04 

“II . . 

10 0000 

1 2035 

12 0 

4 0 

—0 04 


tf 

9 9930 

1 7417 

17 4 

2 4 

-0 02 

4-0 05 

it ** 

10 0095 

1 4595 

14 6 

7 5 

-0 07 

4-0 03 

“ I . 

10 0175 

1 6971 

16 9 

10 2 

_0 10 

4-0 07 

“ II . 

9 9815 

1 6548 

16.6 

j 18 3 

—0 20 

— 


‘Duplicate analyses thus designated. 
“From emaciated subject. 


The extent to which the percentage values of protein foun 
influenced bj'- this source of error has been calculated rom 
results of ash determinations made from this material ^ 

This error is on the positive side and thus serves to counter a a 

m the r*'* 

latter are not precipitated by trichloroacetic acid, the cause 

suits obtained by these protein precipitants mas' be j m 

Evidently albumoses and peptones are present in very small q 
fresh meat. 
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at least partially, the loss of material of protein nature in the ex- 
tracts described above. 

The i)rotcin preparations obtained by aid of the new analj-t- 
ical procedure were, as hitherto, also tested for the presence of 
carbohydrates. Carbohydrates could only be detected with aid 
of the sensitive IMolisch reaction in about half of the cases exam- 
ined. As the slightest contamination with filter paper leads to a 
positive result when this delicate test is employed, such an even- 
tuality inu-st be taken into account in judging these results. 

It had previously been found impossible to remove the fat en- 
tirely when the protein was coagulated in an aqueous medium. 
The presence of fat could not, however, be detected in the protein 
residuum obtained by the aid of the present modified technique. 
The method employed to ascertain this fact was that of Gephart 
and Csonka'' with cmplojancnt of 0.01 K solutions and control of 
all reagents. The conclusion may therefore he drawn that, contrary 
to the generally accepted view, it is possible to free muscle completely 
of folly substances by extraction with use of the analytical procedure 
here described. The finding of a residuum of fat in muscle ex- 
tracted even for weeks has been variously reported in the past. 
This result is due to the methods used. Usually air- or vacuum- 
dried muscle was extracted with ether. Such material is so in- 
spissated that it is extremeh' resistant to solvents. Inadequacies 
in older methods of fat determinations probabl}’’ represent an addi- 
tional factor contributing to such results. 

The preparations of protein obtained on completion of the 
analj'ses are very light in color. It seems scarcel}'' possible that 
this degree of pigmentation can represent a very appreciable cause 
of inexactness. 

Another possible source of error remains to be discussed, the 
effect of extraction and the necessary mechanical manipulation on 
the filter paper weighed with the protein. Two Schleicher and 
Schull No. 597 papers, 12.5 cm. in diameter, those commonly u«ed 
by us in this method, were dried to constant weight and then 
treated precisely as called for in carr 3 nng out the anabTical pro- 
cedure except that the muscle was omitted. The weight lost was 
0.6 and 0.3 mg. respectively. The error from this source is there- 
fore inconsequential. 

* Gephart, F. C., and Csonka, F. A., J. Biol. Chem., 1914, xix, .521. 
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In the previous study considerable time had already been de- 
voted to determining the duration of the Soxlilet extraction re- 
quired for the complete remoA^al of the fatty substances. In the 
hope, however, that the preliminary treatment with alcohol as 
now emplo 3 "ed would shorten this period, suitable control e.xperi- 
ments were carried out in establishing the accuracy of the present 
modification. The amount of solids present in the extract was 
ascertained at intervals, the same precautions being observed as 
previouslj''.* It was found that all but a few mg. of alcohol- 
soluble material is removed from the protein within 6 hours. This 
residuum of fatty substances is, however, extracted but slowly, so 
that a total of 18 horns as compared to 24 previously is found 
necessary to insure complete extraction. In these controls the 
ordinary type of Soxlrlet apparatus and an electric hot plate w'ere 
employed. As the length of time required for the complete re- 
moval of all extractives varies to some extent according to the 
amount of extractives, especially fat, present, also with the indhld- 
ual apparatus and precise temperature employed, it is advisable in 
very exact work to ascertain this point in advance by control of 
the extract as indicated. An 18 hour e.\traction as described m 
detail below represents an entirely safe margin, even when consid- 
erable fat is present in the muscle. 

We have found that the use of ether is attended by no obvious 
advantage over alcohol. All ether-soluble substances are re- 
moved b 3 ^ the alcohol. This was established by a further series of 
control experiments w’hich are omitted for the sake of brevity. 

Accuracy of the Modified Method . — In summarizing the various 
experiments made to this end, it is believed that consideration has 
been given to all apparent sources of error which can be controlled. 
The protein values found are influenced to the average extent of 
— 0.15 b 3 ’ loss of material of protein nature in the extracts, -f O.Oo 
by the ash, and *0.15 per cent in duplicate analyses. The 
method proper^" carried out may therefore be regarded as accom- 
panied by a total average error probabl 3 '^ not exceeding a fe" 
tenths of 1 per cent. 

Improved Method in Detail. 

The fresh muscle is freed from all adherent fat and connective 
tissue, passed through a meat erinder, and thoroughly mixcc. 
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About 10 gni. aVc wf'igliccl by dilTcrcnce into a beaker from a 
weighing glass iiroviclod with a ground glass lid. 50 cc. of 95 per 
cent alcohol arc added and the contents of the beaker heated with 
.stirring until the alcohol boils. The liquid is then decanted 
through an ordinary round fdtcr of 12.5 cm. diameter, which has 
prenously been extracted with alcohol and ether, dried, and 
weighed. This treatment of the protein with alcohol is once re- 
pe.ated. The coagulated muscle is next extracted in a similar 
manner with 400 cc. of boiling water in four portions, and then 
brought quantitatively on the filter. The filter is now carefullj'- 
folded about the protein material, which is gently inserted into 
an extraction hull and extracted 3 hours in an ordinary Soxhlet 
apparatus with 95 per cent alcohol. The 95 per cent alcohol is 
. then replaced by absolute alcohol and the extraction continued 
for a period of 15 hours. Care must be taken that the filter 
projects beyond the upper level attainable by the solvent, which 
must completely surround the protein. After completion of the 
extraction the filter with the pure protein is removed from the 
apparatus, dried to constant weight at 105° in a weighing glass 
provided with a ground glass lid, and the previously ascertained 
weight of the filter paper deducted. 

As 10 gm. muscle samples have been used in the control analyses, 
this amount is adhered to in the above description. In view of the 
small error found, the employment of 5 gm. of muscle, with cor- 
respondingb’' smaller amounts of alcohol for coagulation and water 
for extraction, is permissible. It is indeed an advantage, because 
the time required for drying the protein and probably also for its 
Soxlilet extraction is somewhat diminished. 

The non-'protein substances are aetermined when required, by de- 
ducting the per cent of protein found from that of the total solids, 
which are estimated as described in the earlier communication.^ 

With the help of this method, we have detected a considerable 
error in the usual modes of estimation of the amount of protein 
present in muscle. This subject is treated in the note immediately 
following the present article.® 

“ Attention has also been called to these studies in a recent paper read 
before the Society for Experimental Biology and hledicine {Proc., 1916, 
xiii, 83). 




THE PROTEIN CONTENT OF MUSCLE. 

Bv X. W. .TANNEY. 

{From the Chemical Laboratorii of the Montcfwrc Home and Hospital for 
Chronic Inralids, Hciv York.) 

(Recoivctl for publication, April 10, 191G.) 

An exact knowledge of the composition of animal muscle is of 
considerable importance for the science of nutrition. Though the 
proteins represent the most important muscle constituents, the 
usual means emploj'ed to determine the amount of these substances 
present remain rather inaccurate. Thus the amount of protein 
in muscle is still most commonly estimated by multiplying the 
total nitrogen by the classical protein factor G.25. This mode of 
calculation is used in most of the standard food analyses tables, 
such as published by Kbnig,‘ Atwater and Eryant,“ Atwater,® 
and Lusk.-* On the protein values so obtained are based vari- 
ous metabolic data including calculations of the caloric values. 
Although this method of estimating muscle protein is generally 
knomi to be a faulty one, its inadequacies may still be alluded to 
in the hope of lessening its present extensive employment. The 
protein factor 6.25 is based on acceptance of 16.00 per cent as the 
nitrogen content of muscle jn-oteins. Although many of the older 
nitrogen analyses of muscle proteins do give values averaging about 
16.00 per cent, the muscle protein preparations then analyzed were 
of very dubious purity. More recently Osborne and his coworkers 
have reported analyses of carefully prepared animal muscle pro- 
teins which are considerablj’- higher than 16.00 per cent. Similar 
analj’-tical results have also been obtained in the writer’s laborator}^ 
for pure muscle proteins. The nitrogen content was found to be 

' Konig, J., Chemie der Menschlichen Nahrungs- und Genussmittel, 
Berlin, 4th edition, 1910, iii, 252. 

* Atwater, W. O., and Bryant, A. P., U. S. Dept. Agric., Bull. 28, 1906. 

® Atwater, W. O., U. S. Dept. Agric., Farmer's Bull. 142, 1906. 

■* Lusk, G., The Elements of the Science of Nutrition, Philadelphia, 2nd 
edition, 1909. 
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rathei- constant for various species of higher animals, ranging from 
16.2 to 16.7 per cent in many analyses. In view of this work the 
protein factor 6.25 can no longer be considered accurate. More- 
over, a very considerable error is introduced by using the total 
nitrogen of muscle in this mode of calculation of the protein, for 
our analyses have shown that about 13 per cent of the total nitro- 
gen is combined in non-protein substances in muscle. The amount 
of protein obtained is gi-eatly increased in consequence. 

A further source of confusion and error is the loose application 
of the term “protein” to include practically all protein and 
“nitrogenous non-protein substances” found in animal muscle. 
Thus Atwater and Brjmnt, who adopt this nomenclature, calcu- 
late the number of calories obtainable from the proteins of meats 
from protein in this sense. As extractive substances of non- 
protein nature are here reckoned in, the result must be inaccuracy 
in the mmiber of calories ascribed to the meat protein. 

Another much used indirect method for estimating the amount 
of muscle protein is that “by difference.” According to this 
plan the total water-free substance is ascertained; and from this 
value the solid material found in the ether extract of the dried 
muscle, together with tlie ash, is subtracted. The result is desig- 
nated as protein and varies but slightly from that obtained by 
multiplying the total muscle nitrogen by the factor 6.25. This 
correspondence is, however, no criterion of accuracy, for nearly 
the same sources of error are present in both procedures. 
The “protein” as thus ascertained from anhydrous muscle mate- 
rial includes also the non-protein extractives aside from those 
soluble in ether. In the article immediately preceding mention 
has also been made of the fact that it is very difficult to free dried 
muscle entirely of fatty substances by means of ether extraction. 
Any residual amount of fat thus remaining in the extracted pro- 
tein would serve to increase the protein content obtained by this 
mode of calculation. This presents an additional source of inac- 
curacy. Lastly the carbohjMrate content of muscle is likemse 
reckoned as protein by this procedure. A further small but ap- 
preciable qrror is thus introduced. 

To enter into a discussion of various other methods propose 
for the estimation of muscle proteins is scarcely advisable’ in wen 
of the fact that none have come into very general use. The cni 
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reason for this is tliat tlicsc procedures are of questionable accu- 
racy in nearly all eases. 

These considcrat ions have led (he writer to devise a new method 
for the determination of the muscle proteins which permits of a 
rather exact determination of these substances. The improved 
technique of this method is described in the preceding article. 

In the table are arranged for comparison protein values taken 
from Atwater and Bryant’s food analyses obtained by multipli- 
cation of the total muscle nitrogen l)j'- the factor 6.25, as well as 
“b 3 " difTcrence,” as described above. Average results of a num- 
ber of the writer’s analj\ses appear also. All the analyses refer 
to the same kind of muscle as indicated. In the majority of cases 


Comparison of Calculated and Actual Amounts of Protein in Muscle. 


Spocics 

Total 
nitrogen in 
mu8c!c 

X X 0 25 

Protein 

By 

(lifTorenco 

Average of 
analyses 
according 
to 

the ^^nte^ 


per cent 

per cent 

per cent 

per cent 

Chicken 

3 00* 

19 3 

19 0 

10 0 

Fish (lialibut) 

2 98* 

18 0 

18 4 

16 5 

0.\ 

3 40 

21 0 

21 5 

16 6 

Rabbit 

3 39 

20 8 


16 3 

Cat 

3 38 

21 1 


17 8 

Dog 

3 25 

20 2 


17 4 

Man 

3 15 

19 7 


16 4 


‘Calculated from Atwater and Bryant’s piotem values. The remain- 
ing nitrogen analyses are by the writer. 


the nitrogen was estimated in the same sample of muscle for which 
the protein was determined according to the writer’s method. 
The amount of protein calculated is seen to exceed that determined 
hy actual analysis by about 15 to 20 per cent in nearly all cases. 
Continuance of the use of these usually employed methods of calculat- 
ing muscle protein should therefore be discouraged. 

In order to put calculations of the caloric values of meat proteins 
on a more exact basis, the calories yielded by the pure muscle 
protein obtained in the analytical method should be determined. 
As it is possible to make preparations of meat extractives without 









188 


Protein Content of Muscle 


appreciable loss,® the caloric value of such preparations can also 
be obtained and correspondingl3'' allowed for in metabolic work 
of this description. 

The table also brings out the interesting fact that the actual 
protein content of muscle is usuallj' quite constant for various 
species, even those as far separated zoologicallj'' as man and fish. 
In wasting diseases among human beings, however, values as low 
as twelve have been recorded. It seems possible that in such 
muscular disorders as mj-asthenia gravis the amount of protein 
muscle substance present might be found to bear a definite rela- 
tion to the specific muscular seat of the disease. 


® Janney, N. W., and Csonka, F. A., J. Biol. Cliem., 1915, xxii, 195. 



THE PARTITION OF PHOSPHORUS IN THYMUS 
NUCLEIC ACID. 

Ry IIILDEGARDE C GERMVNN. 

(r rom the Laboratory of Phyfioloqical ChcvuUry, Johns Hoplins University, 

lialtimorc ) 

(Received for puhlic.ition, April 4, 191G ) 

Fiom n study of the optical changes \\hich are brought about 
in yeast nucleic acid by the action of ferments, Levene and iMedi- 
greceanu’ concluded that in the fitst pha«e of the enzymatic de- 
composition of the subscance its four component nucleotides aie 
produced: 


110 



\ 

0 = P-0 . CjHsOj . C5 H<NsO 


/ 

H 

0 

HO 

\ 

0 = P-0 . CJi,0, • C,H<N,0 
/ 

H 

0 

HO 

\ 

0 = P-0 . CjHsOs . CtHjNj 


/ 

H 

0 

HO 

\ 


O = P-0 • CsHsO, • C,H,N,0: 

/ 

HO 

Levene and Jacobs^ showed also that yeast nucleic acid is initial- 
ly decomposed in the same way by hydrolysis with dilute sul- 
furic acid, but that the two purine mono-nucleotides so formed are 
further decomposed, by prolonged acid hydrolysis, into phos- 

’ Levene, P. A , and Medigreceanu, F , J Biol Chem , 1911, ix, 389 

* Levene, P. A , and Jacobs, W A , Ber chem Ges , 1911, xhv, 1027 
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phoric acid d-ribose and purine base, while the two pjTimidme 
mono-nucleotides remain imaltered. 

Presumably any ribose nucleotide wall decompose under the 
same conditions into its component mono-nucleotides, and b}’ 
continued boiling with dilute acid the purine mono-nucleotides so 
formed will surely part mth their phosphoric acid, but the p}Ti- 
midine mono-nucleotides will not. Therefore, a comparison of 
the easily split phosphoric acid with the total phosphoric acid ob- 
tainable from a compound nucleotide will gi'V’e the ratio of its 
purine groups to its total nitrogenous groups, and the numerical 
index of the nucleotide maj' be ascertained. 

Jones and Riley® have recentlj"^ described a method by which 
this phosphoric acid ratio can be quickly and accurately deter- 
mined. The results obtained may be interpreted from the follow- 
ing considerations. 

A tetra-nucleotide (such as 3mast nucleic acid) which contains 
two purine groups and twm pjTiraidine groups will give off half of 
its phosphoric acid bj’’ mild hydroNsis with sulfuric acid. So also 
will a di-nucleotide that contains one purine group and one 
pj'rimidine group. But in such cases it is easj’- to show that the 
di-nucleotide contains but one pmine gi’oup or even that it pro- 
duces twice as much of the purine compound as could be obtained 
from a tetra-nucleotide. 

A purine mono-nucleotide will give off all of its phosphoric acid 
while a pj-rimidine mono-nucleotide will give off none of its phos- 
phoric acid bj' mild acid hj'drolj^sis. A tri-nucleotide would 
offer an excellent opportimity for the application of this method. 
If such a compound should contain one pj’rimidine group and two 
purine groups it w’ould give off two-tliirds of its phosphoric acid; 
but if it should contain two pj’rimidine groups and one puruie 
group it would give off onlj' one-third of its phosphoric acid bj' 
mild acid hj'drolj’sis. 

In case a nucleotide is contaminated with other substances 
(nucleosides, purine bases, or anj'- compounds that do not pro- 
duce phosphoric acid) its total phosphorus will be low but the 
numerical index of the nucleotide wall not be affected bj’ the pres- 
ence of the impurity. 


’ Jones, JV., and Rile 3 -, C., J. Biol. Chem., 1916, xxiv, p. iii. 
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In case one is dealing with mechanical mixtures of different 
nucleotides, the numerical index found will not he a whole number. 
This was found true of a ]n-eparation that had been obtained by 
hydrolysis of yeast nucleic acid with ammonia at 115 °. There 
was some reason for believing the substance to be a tri-nucleotide; 
but it is in fact a mixture of guanylic acid with a purine-pja-imidine 
di-nucleotidc.'* A dozen or more experiments with different prepa- 
rations of the substance gave numerical indices from 2.35 to 2 . 68 . 

The application of this method to the animal nucleic acids can 
scarcely be without interest. 

Thymus nucleic acid differs at two points from 3’'cast nucleic 
acid as far as its fundamental groups are concerned. The carbo- 
h\-drate group of th3anus nucleic acid is a hexose group; that of 
3'east nucleic acid is a pentose group. The p3wimidine groups of 
tlnnnus nucleic acid are th3nnine and c3’losine groups; those of 
yeast nucleic acid are uracil and c3’tosine groups. According to 
Lovene and Jacobs'^ both nucleic acids are tetra-nucleotides made 
up of two purine mono-nucleotides and two p3Timidine mono- 
nucleotides, but in the structure of the two nucleic acids their 
component mono-nucleotides are bound to one another at differ- 
ent points of juncture. It seems probable that the initial stage 
of acid h3’'drol3'sis would be the same in both cases; viz,, a splitting 
of the tetra-nucleotide into four mono-nucleotides; and one would 
suspect (aftertheanaIog3^of 3'’east nucleic acid) that the two purine 
nucleotides of th3Tnus nucleic acid would give up phosphoric acid 
by further acid hydrol3'sis while the pyrimidine nucleotides would 
not. One would therefore expect to find a tetra-nucleotide index. 
But this is not the case; the phosphorus values obtained lead 
sharpl3’' to a tri- or hexa-nucleotide index. 

EXPERIMENTAL. 

The sodium salt of thymus nucleic acid was prepared 63'' the 
method of Neumann® and in order to remove a small amount of 
free phosphoric acid, the material was dissolved in hot water and 
treated with enough caustic soda to make a 1 per cent alkaline 

‘ Jones, W., and Germann, H. C., J. Biol. Chem., 1916, xxv, 93. 

* Lovene and Jacobs, J. Biol. Chem., 1912, xii, 411. 

® Neumann, Arch. f. Physiol., SuppL, 1899, 552. 
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solution. The warm solution was filtered from a little gelatinous 
phosphate (using a hot water funnel) and, after acidifjdng nith 
acetic acid, the pale j^ellow fluid was warmed and poured into a 
large excess of alcohol. The precipitated sodium nucleate ms 
washed by decantation ’ivith absolute alcohol and allowed to dry 
in a sulfuric acid desiccator. 

Ten portions of the nucleic acid were weighed out. Two of 
these, intended for duplicate determinations of phosphoric acid 
were received into 500 cc. digestion flasks, and the other eight por- 
tions, which w'ere to be used for determinations of partial phos- 
phoric acid, W’ere received into 100 cc. Erlenmeyer flaslcs w’hich 
had been provided with corks and condensing tubes. 


The determinations of total phosphoric acid were made as follows: The 
material was treated with a mixture of 5 cc. of concentrated sulfuric acid 
and 5 cc. of concentrated nitric acid, and boiled gently until all red fumes 
had been driven away and the liquid had become perfectly colorless. After 
cooling, 5 cc. of concentrated nitric acid were added and the product was 
again heated. As a third addition of nitric acid did not cause the produc- 
tion of brown fumes, the material was assumed to be sufiBeiently oxidized. 
The product was diluted to about 50 cc. with W’ater, treated at the boiling 
point with 10 gm. of ammonium nitrate and an excess of 3 per cent am- 
monium molybdate, and the yellow ammonium phosphomolybdate was 
converted by the usual method into crystalline magnesium ammonium 
phosphate. The latter substance was allowed to dry for 48 hours at room 
temperature and W'as w’eighed. 

The determinations of partial phosphoric acid were made as folloT'S- 
The eight portions of nucleic acid were treated with 6 per cent sulfuric acid 
(20 cc. per gm. of nucleic acid) and after solution had been effected by heat- 
ing, the condensing tubes were inserted and the flasks were submerged m a 
boiling water bath. Care was taken that the level of the liquid in the 
flasks was not below the level of the water in the w'ater bath. The flasks 
were thus heated for 4 to 7 hours. As each flask was removed at the en 
of its time interval, the contents were made roughly alkaline with con- 
centrated ammonia and, without waiting for the precipitation of guanine, 
the phosphoric acid was carefully precipitated with magnesia mixture. 
On standing over night the guanine and magnesium ammonium phos- 
phate had settled sharply, leaving a perfectly clear, easily filterable flui • 
This step of the procedure is absolutely necessary, because if an attcmp 
bo made to remove the guanine first (by precipitation with ammonia, 
as is easily done with the hydrolytic products of yeast nucleic acid), t le 
guanine will be thrown out in so finely divided a form that it cannot be re 
moved either by filtration or by centrifugation. But avhen the 
and phosphoric acid are precipitated together, the fluid which contains 
combined phosphoric acid can easilj' be filtered off. 
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Tlic precipitate consisting of n mixture of guanine and magnesium am- ' 
monium phosphate was put into a oOO cc. Kjcldahl digestion flask and 
heated with a mixture of 5 cc. of concentrated nitrie acid and 5 cc. of con- 
centrated sulfuric acid until all organic matter had been destroyed. The 
determination of phosphoric acid in the oxidized mixture was then made by 
precipitation in turn as ammonium phosphomolybdatc and magnesium 
ainraoiiiiim phosphate, as described for the determination of total phos- 
phoric acid. The results arc given in Table I. 


TABLE I. 


Xuclcic ncid i 
u«cd. 

i 

Time. 

Mflcnc^'ium nmmonmm phosphate 

MrNUiPO. GH;0. 

Obtained. 

Perrm of 
nucleic acid 

Correction, 

Remainder. 

gm. 

/rj. 

Sm. 

fm. 

fm 

gm. 


i 

0 1015 

0 132 

0 OOG 

0 126 


1 

0 1.303 

maSm 

0 011 

0 162 


2 

0 1320 


■EH 

0 199 

0.7-41S 

3 

0 1774 


■EM 

0 206 

0.7227 

4 

0 ISdO 

0 257 

0 044 

0 213 

0.7443 

5 

0 1977 

0 2G5 

0 055 

0 210 

0.5423 

c 

0 loOG 

0 277 

0 06G 

0 211 

0.90S7 

7 

0 2549 

0 2S0 

0 077 

0 203 

0 4994 

Total. 

0 3027 

0 COG 



0.G245 

(i 

0 3791 

0 C07 




In order that the significance of these results may be more ap- 
parent the3^ have been constructed into a curve, one of W'hose 
coordinates is time, and the other, amount of magnesium am- 





Fig. 1. 
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moniiim phosphate. The linear units have been arbitrarily 
chosen so as to bring out curvature as prominently as possible. 

The principle of construction in that which Jones and Eiley’ 
have described in connection noth yeast nucleic acid. The ordi- 
nates of points on the ujrper curve represent the quantities of 
magnesium ammonium phosphate actually obtained. This curve 
turns at the end of the 2 hour period and becomes a straight line 
slightly inclined to the axis of X, and its inclination shows that 
an amount of phosphoric acid corresponding to about 11 mg. of 
ammonium magnesium phosphate has been set free per hour. 
This amount was subtracted from each ordinate and the remain- 
ders were used as ordinates for the lower curve which ends in a 
straight line parallel to the axis of X and represents the amount 
of easily split phosphoric acid. 

It will be noted that certain points do not fall exactly on the 
curve. This is due to uneven heating. It has been observed that 
when a flask dips too far belorv the level of the water in the water 
bath the experiment gives a point above the curve. 

Nevertheless, the results as given are sufficiently accurate to 
show that of the phosphoric acid combined in thymus- nucleic 
acid, one-third is easily'- split and two-thirds are firmly bound. 
This leads definitely to the conclusion that the number of phos- 
phorus atoms in the molecule of thymus nucleic acid is divisible 
by three. 

It is of intere-st to know whether this easily split phosphoric 
acid corresponds to purine groups, as is the case with yeast nucleic 
acid. But the amount of purine bases liberated from thymus 
nucleic acid by mild acid hydi’olysis cannot easily be determined. 
The presence in the product of the undecomposed parts of the 
molecule interferes and there is danger of liberating purine bases 
in attempting to determine those already free. The matter offers 
considerable exirerimental difficulty but is being examined. 

Experiments are also in progres.s with other animal nucleic acids. 



THE DETERMINATION OF CREATINE IN 
MUSCLE. III. 

By LOUIS B.\UM.\NN .KNi) TIIORSTEN INGVALDSEN.' 

(From the Chemical Research Laboralori/, Department of Internal Medicine, 
State University of Iowa, Iowa City.) 

(Received for publication, April 10, 1010.) 

IMiiscle creatine is now determined colorimetricallj^ after con- 
version into creatinine. As the Jaffd color test is not specific, it 
is questionable whether creatinine alone is responsible for this 
reaction. For this reason an apparent increase in the creatine 
content of muscle in feeding and perfusion e.vperimcnts may in 
reality be due to some other substance. It therefore seemed de- 
sirable to develop a method for the isolation of the creatinine from 
muscle extract, preferablj’’ as the difficultly soluble potassium 
picrate salt. The creatinine content of the precipitate could then 
be estimated colorimetricallj'. Morris- has applied a somewhat 
similar procedure to the urine. 

After considerable preliminarj’" work the following technique was 
adopted. Approximately 5 gm. of hashed and well mixed muscle 
are weighed on the analytical balance and extracted according to 
Janney and Blatherwick.^ After adding 5 cc. of 5 n hydrochloric 
acid and a pinch of granulated lead the water-clear extract is evap- 
orated to drjmess, at first over the flame and finall}’’ on the water 
bath.^ The residue is taken up in hot water and filtered through 
a small filter. The washings and filtrate should not exceed 35 cc. 

^ The experimental data are taken from a dissertation submitted by 
Thorsten Ingvaldsen as a partial requirement for the degree of Master of 
Soienee, State University of Iowa, Iowa City. 

2 Morris, J. L., J. Biol. Chem., 1915, xxi, 201. 

’ Janney, N. W., and Blatherwick, N. R., J. Biol. Chem., 1915, xxi, 567. 

* Benedict, S. R., J. Biol. Chem., 1914, xviii, 191. We have found, in 
corroboration of Benedict’s statement, that this method is the most rapid 
for the conversion of urinary creatine into creatinine. It is accurate in 
the absence of sugar. 
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moniuni phosphate. The linear units have been arbitrarily 
chosen so as to bring out curvature as prominently as possible. 

The principle of construction is that which Jones and Riley’ 
have described in connection with yeast nucleic acid. The ordi- 
nates of points on the ujjper curve represent the quantities of 
magnesium ammonium phosphate actually obtained. This curve 
turns at the end of the 2 hour period and becomes a straight line 
slightly inclined to the axis of X, and its inclination shows that 
an amount of phosphoric acid corresponding to about 11 mg. of 
ammonimn magnesium phosphate has been set free per hour. 
This amount was subtracted from each ordinate and the remain- 
ders were used as ordinates for the low’er curve which ends in a 
straight line parallel to the axis of X and represents the amount 
of easilj'^ split phosphoric acid. 

It will be noted that ceidain points do not fall exactly on the 
curve. This is due to uneven heating. It has been observed that 
when a flask dips too far below the level of the water in the water 
bath the experiment gives a point above the curve. 

Nevertheless, the results as given are sufficiently accurate to 
show that of the phosphoric acid combined in thymus nucleic 
acid, one-third is easily split and two-thirds are firmly bound. 
This leads definitely to the conclusion that the number of phos- 
phorus atoms in the molecule of thvnnus nucleic acid is diwsible 
bj' three. 

It is of intere.st to know whether this easily split phosphoric 
acid corresponds to purine groups, as is the ease with yeast nucleic 
acid. But the amount of purine bases liberated from thymus 
nucleic acid by mild acid hy^drolysis cannot easily' be determined. 
The presence in the product of the undecomposed parts of the 
molecule interferes and there is danger of liberating purine bases 
in attempting to determine those akeady free. The matter offers 
considerable experimental difficulty but is being examined. 

Experiments are also in progress with other animal nucleic acids. 
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A comiiarison of tlic figures obtained by this procedure with 
those found by the direct methods of Jannej" and Blatherwick^ of 
Baumann" sliows close agreement. 

On several occasions the picratc was decomposed with acid, the 
picric acid removed, and the nitrogen content of the solution de- 
termined. Here again the amount of nitrogen found agreed 
closely vith the calculated quantity. This last step may become 
necessarj' when the pVe.sence of a substance other than creatinine 
which also forms an insoluble picratc is suspected. 


EXPERIMEN'T.A.L. 


Creatinine , Can Be QuantHalivchj Precipitated with Picric Acid 
and Potassium Picratc. 

To 20 cc. of a 0.1 x hydrochloric acid solution containing 20 mg. 
of creatinine, 2 cc. of 5 n .sulfuric acid solution were added. The 
solution was neutralized and further treated as described above. 
This experiment was carried out in triplicate. 

Found; 10.07, 10.07, and 10.07 mg. of creatinine. 

Conversion of Creatine into Creatinine. 

At the outset it was necessary to select a method of conversion 
which would avoid the use of an excess of acid.® Conversion bj" 
the autoclave method of Myers’ was first tried. 2 cc. of 5 x sul- 
furic acid were added to the concentrated muscle extract (about 10 
cc.) and this was then heated in the autoclave at 116-117° for 40 
minutes. The figures obtained after precipitation are tabulated 
below. The direct controls were carried out according to the 
methods of Janne 3 ’^ and Blatherwick or Baumann. 


' Baumann, L., J. Biol. Chem., 1914, xvii, 15. 

* An excess of sodium picratc was found to be undesirable. 

’Benedict, F. G., and Myers, V. C., Am. J. Physiol., 1907, xviii, 397. 
Benedict, F. G., J. Biol. Chem., 1914, xvii. 363. 
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Conversion by Myer’s Mclhod. 


Dog musclo 

Beef muscle. 

Direct. 

Precipitation. 

Direct. 

Precipitation. 

mg. 

mg. 

mg. 

mg. 

373 ' 

352 

4S5 

474, 463, 464, 4S0, 4S7, 450, 407, 




468, 475, 470, 478 



485 

469 


; 

412 

386, 375, 373, 385, 390, 390, 35.1. 




3S2, 384,* 385 


1 

360 

354, 343, 362, 367 


i 

443 i 

411, 418, 40S, 417, 429, 414, 423, 430 


( 

369 

328, 318, 355, 356 


■* Determined directly after conversion without precipitation. 


Acceptable results tvere obtained when the creatine was con- 
verted by boiling the concentrated extract (about 10 cc.) ob- 
tained from appro.ximately 5 gm. of muscle, with 2 cc. of 5 X sul- 
furic acid for 3 hours under a redux. 


Beef muscle. 

0irect.* 

Precipitation. 

mg. 

1 

1 mg. 

355 

353, 357, 351, 355** 

456 

461, 455, 456** 

464 

458, 467, 459, 472, 461,** 474** 


*Determined according to Janney and Blathenvick. 

‘‘Determined directly after conversion without precipitation. 

This method was then compared with the autoclave method on 
a solution of pure creatine. 10 cc. of solution contained 19./0 
mg. of pure anhydrous creatine. 

Found; (a) 19 .G mg. 10 cc. boiled for S hours with 2 cc. of 5 x sn'" 

furic acid. . . , 

(b) 19 14 “ 10 cc. autoclaved with 1 cc. of 5 X sulfuric aci 

for 40 minutes at 117°. 

(c) IS. 92 “ Same as (b). 

(d) 19.46 “ Same as (b) except that 2 cc. of acid were use' 

(e) 19.62 “ Same as (d). 
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Conversion, preliminary to precipilation, was finally carried 
out according to the method of Benedict d It appeared to be the 
simplest method and as accurate as any of the others. 


Conversion li;/ the fi. Jf. Benedict Method. 


Direct.* 

Direct. •• 

Direct.*** 

Precipitation. 

Musclo. 

ITlf. 

me. 

mg. 

mg. 



449 


445 

433 

Beef 

XVI 

420 


404 

405 


XVII 



401 

403 

it 

XVII 



402 

401 

ft 

XVII 

450 


42S 

422 

f( 

XVIII 



419 

433 

it 

XVIII 



421 

427 

It 

XVIII 


509 

532 

490 

« 

XIX 



531 

491 

tt 

XIX 


470 

479 

479 


XX 



479 

483 


XX 




483 


XX 


417 

431 

431 

Dog 

XXI 



442 

431 

it 

XXI 


470 

515 

522 

Muskrat 

XXII 




503 


XXII 

481 

434 

480 

481 

Beef 

XXIII 




479 

C( 

XXIII 


‘Baumann method. 

“Janney and Blathcrwick method. 

R. Benedict method without precipitation. 

* 

During the early period of this work it was occasionally neces- 
sary to purify the concentrated muscle extract with colloidal feiTic 
hydroxide. The following e.xperiment indicates that the iron pre- 
cipitation did not remove creatinine from the solution. A con- 
verted muscle extract was diluted to a definite volume and the 
creatinine content of an aliquot portion determined. The re- 
mainder was accuratelj' neutralized, pi’ecipitated with the colloidal 
iron solution, and the creatinine estimated in the filtrate. 

Result: With iron 407, without iron 407 mg. 

Analysis of the Precipitated Picrate. 

The concentrated extracts from three 5 gm. muscle samples 
were converted, then united and precipitated xvith pici’ic acid and 
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potassium picrate in the usual way. 4 gm. of picric acid and 0.8 
gm. of potassium picrate were employed for ithis purpose. After 
12 hours in the cold, the supernatant liquid was decanted through 
a Gooch crucible which had previously been washed with saturated 
picric solution. The bulk of the precipitate which had remained 
in the beaker was then washed wdth 30 cc. of ice-cooled saturated 
picric acid solution by decantation. The crucible was then con- 
nected wdth a clean flask and 10 cc. of 45 per cent sulfmic acid 
solution were poured on the precipitate in the beaker, and then 
filtered through the crucible. This process was repeated three 
times vdth fresh 10 cc. portions of acid. The first part of the fil- 
trate was retmrned to the crucible to remove a small quantity of 
picric acid which had crystallized. The picric acid residue was 
finally rvashed wdth twm 10 cc. portions of 5 N sulfuric acid solu- 
tion. The remainder of picric acid, dissolved in the filtrate, was 
removed by thoroughly shaking with ether. This was repeated 
until the ether was colorless. The ether w'as removed with a 
pipette cormected with a filter pump. The nitrogen in the picric 
acid-free solution w'as then determined according to Kjeldahl. 
It was necessary to boil 1 hour after the fiunes began to be given 
off. The following results were obtained. 


Beef muscle. 


Direct. 

Calculated from 
the found. 

ms, ^ 

ms. 

417 

417 

418 . 

386, 403 

482 

481, 495 

412 

416 


COXCLUSIONS. 

1. Creatinine may be quantitatively precipitated from mu'cle 
extracts bs'' means of picric acid and potassimn picrate. 

2. The values obtained by the precipitation method agree wit 
those found by the direct methods of Janney and Blatherwic 
S. E,. Benedict, and Bamnann. 



IS AUTOLYSIS AN AUTOCATALYTIC PHENOMENON? 

AN INTERPRETATION. 

By H. C. BRADLEY. 

[From the Laboratory of Physiological Chemistry, University of \Visco 7 isin, 

tiladison.) 

(Received for publication, March 27, 1910.) 

In a recent paper bearing the above title Morse’ shows 
that the curve of hydrogen ion concentration in an autolyzing 
tissue is of the logarithmic tjTJC and resembles in a general way 
the curve of proteolj’sis in the same tissues. This confirms the 
common observation that a tissue grows more distinctly acid to 
litmus as it autolyzes, and is in agreement with the observations 
of Kikkoji- and others regarding the formation of lactic acid in 
autolyzing tissues. 

-From these interesting data Morse draws the conclusion: 
"Avtolysis is an axdocatalylic 'phenomenon, the products of diges- 
tion entering into the reaction as true catalyzers.” To be auto- 
catalytic the process must be, as Morse states earUer m the paper, 
one “in which the process of enzyme action is accelerated by the 
products formed during the action of the enzyme and in consequence 
of it.” But since autolysis is synonjUnous vdth proteolysis through- 
out the paper, and the enzjone in question is a proteolytic one, 
the conclusion would appear to affirm that the products of prote- 
olysis — peptones, amino-acids, etc. — accelerate the tissue prote- 
olysis. This conclusion we do not believe is intended by Morse. 

In another place the statement is made that “developing acid- 
ity” induces “greater and greater acceleration in the digestion rate.” 
None of the curves which h'lorse cites to illustrate this, including 
curves of his own construction, show the slightest indication of 
acceleration in the rate of digestion. The curves rise most rapidly 
at the beginning and proceed at a diminishing rate of change until 

’ Morse, M., J. Biol. Chem., 1916, xxiv, 163. 

* Kikkoji, T., Z. physiol. Chem., 1907, liii, 415. 
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equilibrium is attained. At this point — ^the maximum extent of 
digestion — ^the rate of change is zero. 

It appears fair to conclude, therefore,that Morse does not mean 
exacth^ what he states in his conclusions in this paper, but that 
some confusion of ideas has occurred in his interpretation of his 
results. A part of this confusion appears to arise from a failure 
to differentiate sharply between the rate of change in the reaction 
and the extent of change or point of equilibrium. If the rate of 
change did actually increase, as Morse incorrectly asserts in the 
sentence quoted above, the reaction w'ould indeed be an autocata- 
Ijdic one. Since it does not, we believe the term is misleading 
and will only cause confusion if left unchallenged. 

AVhat we assume Morse intends to convey in this paper is this. 
During the complex of reactions broadly termed axdolysis, adds are 
known to appear. Their formation causes an increase in the acidtill 
of the tissue as shown by the hydrogen ion concentration. Acidity 
renders the proteolytic enzymes active and is without effect upon the 
substratian. Proteolysis results. The products of acid formation 


thus activate the enzxjmes causing proteolysis, and in this sense a 
tissue considered as a whole, starts itself digesting its own proteins. 

Even assuming the above statement of the fact of activation to be 
correct, this is not autocatalysis unless the acids are produced by 
proteolytic enzy^mes, and of this no evidence is given. There isno 
evidence in the paper to substantiate the fact of enzjrme activa- 
tion which Morse assumes. Indeed the experiment is not calcu- 


lated to determine this point, since the activity of an enzjune can 
onty be judged bj’’ a digestion experiment. In spite of this lack of 
direct evddence, and because the curve of hydrogen ion concentra- 
tion shows no sudden break during autolysis, Morse says n-e 
should seek the simpler explanation, that the acidity developed 


acts catalj'tically, activating the enzjmae in much the same man- 
ner that the hydrochloric acid of gastric digestion activates; for 
there is nothing to indicate a sudden alteration in the H' content 
in the curves.” . The lack of sudden alteration in the H' content 


of autolyzing tissue is merely^ proof that the proteins arc still un- 
■saturated with acid and are ser-ving like buffer salts into whici 
considiirable acid may be poured before a sudden alteration of t ic 
H' yill( occur. Strong HCl may be added to a 20 per cent lb 
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digest to a 1ilvatal)lc strength of 0.0-1 x without increasing the 
H‘ content above that e.xijrcssed by about 6.00. This is far 
more acid than is formed in the normal control digest and pro- 
duces a far more rapid and eompletc proteolysis. 

There is no essential difference between development of aciditj^ 
bj'thc formation of lactic and fattj’ acids in a digest and the intro- 
duction of such acids artificially from without. The same mech- 
anism, determining the rate and extent of digestion, must be 
operative in both cases. jNforse believes this mechanism to be 
activation of the proteoljdic enzjnnes alone, at least in the normal 
tissue. On the other hand, we have presented data^ which throw 
some dordDt on activation as of major importance in this reaction. 
It is entirely possible that an enj-zmc such as the /3 protease found 
bj' Hedin^ in the spleen, active only in acid media, is also present 
in the liver. Whatever the nature of the enzyme we know that it 
is active in a H‘ concentration between Pn 7.3 and 6.7, since most 
livers show proteolysis within these concentrations. The en- 
zjTne is tlius active at a fairl3’’ low H' level. The fact that casein 
and peptone digest no faster in an acidified digest than in a nor- 
mal control indicates that further additions of acid to the already 
active enzjune have little or no effect upon its activit3^ Yet such 
additions of acid have a tremendous effect in increasing the rate 
and extent of digestion of the liver proteins. This is, we feel, rather 
direct proof of alteration of the mass of the substratum. 

The data which hlorse has presented and which we assume to be 
correct ma3^ therefore be interpreted in quite a different manner 
without doing A'iolence to the facts developed 63'^ previous work 
in the field and without involving confusion. 

1. At a Pn of about 7.00 =s= the liver protease is active as shown 
by the fact that some proteol3’-sis goes on at that level. 

2. Acid develops in the autolyzing mixture, rapidly at first, 
reaching its maximum concentration in about 3 da3"s. 

3. Accompan3dng this increased acidit3’’ and caused by it, is a 
corresponding change in the protein substratum of the tissue. If 
much acid is produced the extent of digestion will be large; if little 
is produced digestion will reach equilibrium at a lower level. 

° Bradley, H. C., J. Biol. CItem., 1915, xxii, 113. 

Hedin, S. G., J. Physiol., 1904, xxx, 155. 
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4. The mass of substratum will determine the point of equilib- 
rium, but the amount of acid will determine the mass of 
substratum. 

5. There is nothing in the data and curves of autolysis thus 
far presented in the literature to suggest an autocatalytic reaction. 



A NEW SALT OF URIC ACID AND ITS APPLICATION TO 
THE ANALYSIS OF URIC ACID AND PHENOL. 


rilKLTMIXAIlY PAPEn. 

By J. LUCIEN MORRIS. 

{From the Laboratory of liiological Chemistry, Washington University, St. 

Louis.) 

(Received for publication, April 17, 1916.) 

Some time ago the writer had occasion to use the colorimetric 
analysis of uric acid as a routine procedure in a large number of 
determinations. The small amount of material available, and 
'the large amount of po^Tihenols or other interfering substances* 
present emphasized certain difficulties of the method. From time 
to time since then the failure of an analysis without any apparent 
cause has compelled interest in those factors which may interfere 
ivith a perfect result. Probably the most constant element of 
difficulty in this method is, as in all work with uric acid, very close- 
ly associated nith its marked insolubility. But the effect of the 
presence of various salts, even in verj"" small amounts, upon the 
colorimetric determination, is noticeable. The observations so 
far made do not justifj’’ a gener.al conclusion as to the nature of the 
interference with the color development, but there is considerable 
evidence that it is due to the formation of urates and the uric acid 
is so removed from the reaction with the phosphotungstic reagent. 
Whether this is true in all cases is still a question, but the writer 
believes that he Has shown it definitely for the marked interfer- 
ence due to the presence of zinc salts in the uric acid solution dur- 
ing preparation for the color reaction, when the amount of color 
may be very seriously diminished or entirely absent, or after the 
development of the color, when fading is much accelerated. 

Out of the recognition of such an action of zinc upon uric acid 
grew the idea that possibly the compound so formed might be 

' The work referred to was on 24 hour rat urines. 
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useful in precipitating uric acid. Upon searching the^Iiterature 
no mention of a zinc urate was found. Attempts were made at 
precipitating it, but with little encouragement. Varions zinc 
salts were added to uric acid and urates, and though precipitates 
were formed when the solution was made alkaline, there was no 
evidence that the precipitates consisted of any substance other 
than zinc hydroxide, carbonate, or phosphate, according to the 
medium in which the uric acid had been dissolved. Nor did 
anatysis of the filtrates from such precipitates give any indica- 
tion of the amount carried out of solution, because of the great 
uncertainty of the value of any results obtained in the presence 
of such rapid fading as is caused by zinc compoxmds. 

At this point Ganassini’s reaction- came to my attention. The 
directions are to add soluble zinc salts to a weakly alkaline solution 
of uric acid, thus obtaining a white precipitate w'hich turns blue on 
the filter paper, due to oxidation in the presence of air. By the 
use of this qualitative test, the writer wms able to detect the pres- • 
ence of small amounts of tmic acid in considerable volumes of water. 
This strengthened the belief that uric acid was precipitated by 
zinc, though it w'as possible that it was carried down mechanically 
by the flocculent precipitates of zinc carbonate, zinc hydroxide, 
or zinc phosphate. In either case, the zinc must evidently be re- 
moved from the filtrate if the colorimetric method,® or, for that 
matter, any of the other methods, be used to determine how much 
uric acid had been removed from solution. This ivas accomplished 
by precipitating it as sulfide after acidifying with acetic acid. 
(This precipitation which is generally so troublesome, was made en- 
tirety satisfactory bj^ adding about 0.25 to 0.5 gm. of bismuth caV- 
bonate to the hot solution. Then upon saturating wdth hydrogen 
ulfide, the finely dmded white zinc sulfide is apparently envel- 
oed by the bismuth sulfide, and when enough bismuth is present, 
e precipitate of mixed sulfides settles from a clear solution. 

3 subsequent filtratiaiKStlien as easy as that of bismuth sulfide 

'anassini, D., BqI. Soc. med. chir., Pavia, 190S, i; reviewed, Bfoc/icm. 

190S-09, viii, 250. , 

nedict, S. R., and Hitchcock, E. H., J. Biol. Chcm., 1915, xx, • 
osphate-uric j^cid standard and the KCN substitution for ® 
e used as moM;fin.ations of the Folin-Denis method throughout 
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alone.) Tlic fill rale wns cvaporalcd over a flame, an air current 
being passed over the surface of the liquid to hasten the evapora- 
tion as well as the escape of the hydrogen sulfide. When the vol- 
ume had been diminished to 10 to 15 cc., the uric acid was deter- 
nnned in the usual colorimetric manner. The results showed 
conclusivel 3 ' that the uric acid was largel 3 ’’ removed from its solu- 
tion in sodium carbonate, lithium carbonate, or the phosphate 
mi.vture of Benedict and Hitchcock^ b 3 '' the zinc pi'ecipitation. 
Precipitation from a p 3 Tidine solution was also veiy evident, 
though the presence of p3Tidine made the removal of the zinc, 
and therefore the subsequent determination, less satisfactory. 

Attempts were made to obtain the compound of zinc and uric 
acid for identification. Such efforts have so far proven uniform^' 
unsuccessful. The reason is that the nature of the compound is 
so characteristicalb' that of other zinc salts, e.g., the phosphate, 
the carbonate, and the h 3 'droxide, that it cannot be obtained sep- 
arate from these compounds. The reaction must be neutral, or, 
better, slight^' alkaline to precipitate the zinc-uric acid compound, 
and this is the condition favoring the precipitation of the zinc in 
the form of its compound with the alkali used. The same state of 
affairs exists of course when p 3 Tidine or other organic base is the 
alkali. If the precipitate is then treated with acid or alkali, the 
uric acid is set free from the compound either in the form of the 
acid or its alkali salt. This close association with any or all zinc 
compounds that ma 3 " be present has stood in the way of eveiy at- 
tempt at its separation or purification. This fact, anno 3 'ing as it 
has proven, is in itself strong evidence that the compound is zinc 
urate.'’ 

While tr 3 nng to separate zinc urate in a pure state, the condi- 
tions for its most complete precipitation were obtained. The}' 
are as follows : Acidif}' the solution containing uric acid with acetic 
acid and add 10 per cent zinc acetate solution in a quantity in ex- 
cess of the amount required to precipitate the phosphates present . 
Stir well and then add saturated sodium carbonate solution until 
the reaction is alkaline to litmus. There will be a flocculent pre- 
cipitate of zinc carbonate and zinc urate (also phosphate if pres- 
ent). If it is desired to determine the amount of uric acid which 

* Further attempts are being made to obtain the salt in the pure state. 
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temperatures, it has seemed probable that the precipitation maj' 
prove useful in determining uric acid in urine and blood. This is 
now being investigated by the writer, who hopes soon to publish 
conditions bearing upon this practical application of the new zinc 
urate precipitation. 



CHEMICAL AND PHYSICAL ANALYSIS OF BLOOD IN 
THIRTY NORMAL CASES. 

By a. O. GETTLER and WILLIS BAKER. 

{From the Laboratory of Pathological Chemistry, Dcparlmciil of Pathology, 
Bellevue Hospital, New York.) 

(Received for publication, April 6, 1916.) 

INTRODUCTION*. 

Although normal values for various blood constituents and 
blood serum constants have been published within the last few 
years bj' various workers, there is no record where they have all 
been determined m the same individual and on blood taken at 
one time. Furthermore, the values given in the literature dis- 
agree more or less; this may be due to the different methods in use 
by various workers, and also to the nature and time of the pre- 
ceding meal or meals. It was therefore decided to adhere to some 
fixed standard conditions which could easily be maintained in 
similar work on patients in the hospital. 

Standard Conditions. — (1) Breakfast, consisting of one egg, one 
bread roll with butter, and one cup of coffee with 20 cc. of milk 
(the regular hospital brealefast). (2) Blood is taken 3 hours 
thereafter. (3) Determinations are started at once. (4) The 
same standard methods are always used. 

Determinations Made. 

Blood, Chemical. — Solids, coagulable nitrogen, non-coaguiabie 
nitrogen, ammonia nitrogen, urea nitrogen, residual nitrogen, uric 
acid, creatine, creatinine, chlorides, glucose, fat, cholesterol. 

Blood, Physical. — Conductivity, hydrogen ion. 

Blood, Biological . — Red count, white count, corpuscular vol- 
ume, hemoglobin, Wassermann test. 

Plasma . — ^Alkaline reserve, chlorides, nitrogen. 

(Seram.— Specific gravity, freezing point, conductivit}'', refrac- 
tion, nitrogen. 
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Cases Studied. 


Normal men and women m robust health and in active pursuits 
(teachers, medical students, laboratory workers, business men, 
laborers, and others), ranging in ages from 17 to 60 j^ears, volun- 
teered the material on which this study is based. Cases 22 to 26 
were hospital patients (simple fracture cases from the surgical 
serruce of Professor John A. Hartwell, to whom we are indebted 
for allowing us to study these cases), examined on the morning oi 
their discharge. Physical examinations and urine analyses were 
made on these and on all other cases of the series. 

Time of Taking Blood. — ^In a preliminary investigation in which 
normal blood was studied after a 12 hour fast and again 2 or 3 
lurs after a meal (comprising one egg, one bread roll with but- 
.er, coffee, and milk) the values w'ere always found to lie within 
the normal range. In this series, for convenience, blood was re- 
moved 3 hours after a brealcfast as above. 

Method of Blood Letting. — A few drops of 2 per cent novocaine 
were injected for local anesthesia. A short but large caliber 
needle was introduced into the median vein, and 75 cc. of blood 
were allowed to flow out in 3 to 5 minutes. This was collected m 
sterile, clean, Erlenmeyer flasks, 50 cc. being taken in one contain- 
ing 0.5 gm. of potassium oxalate to prevent clotting, and 25 cc. in 
another flask without oxalate. The latter w’as allow'ed to stand in 
the ice box 2 to 3 hours after clotting, preliminary to pouring off 
serum. 


Blood Counts. — Red and white counts were made on all cases at 
the time of phlebotomj’-. Total counts onl3’- are tabulated, di ■ 
ferentials having been made in those cases exceeding 9,000 white 
corpuscles per c.mm., to exclude possible abnormal conditions. ^ 
Hemoglobin. — This was estimated by Dare’s hemoglobinometer, 
■u'hich appears to be quite accurate for the higher readings pee* 
sented bj’’ normals. 

Corpuscidar Volume. — In conjunction with the preceding dd®^ 
minations that of corpuscular volume seems valuable. 
observation is made by immediately centrifuging the fn^h) 
drawm and well mixed oxalated blood in a calibrated capi C- 


' Dare, A., Phila. Ved. J., 189S, vi, 557. 
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tube. These were niacle^ 10 cm. long to be conveniently carried 
in the jacket of the regular 15 cc. conical centrifuge tubes. A 
large clastic band is slipped about the ends, and it is then centri- 
fuged for 5 minutes at 2,500 u. r. m. The red cells are packed to 
one end, and resting upon them the huffy layer of the less dense 
leukocytes may be seen. Re.adings of the total cellular volume 
of the blood are made direct^’’ in per cent. 

Part /. Chemical Analysis. 

After trial of various methods proposed in the literature the 
following were found most suitable and were used throughout this 
investigation. 

Blood Solids. — One drop of blood was caught on a small piece 
(2 sq. cm.) of dried blotting paper, which was at once placed in a 
wide-mouthed weighing bottle (the stopper being inserted at once 
to avoid evaporation) and weighed. The stopper was then tilted,, 
the whole placed in an air bath at 80-90°C., and dried to constant 
weight. 

The solids range from 21 to 24 per cent, two cases only being a 
trifle outside of these limits (see table). From this series the 
value of 20 per cent as given by Myers and Fine® seems too low. 

Total Nitrogen of Blood, Plas7na, and Serum. — 1 cc. of each 
(uniformlj’- delivered and washed from a standardized 1 cc. bulb 
pipette) was used in the regular Kjeldahl process. The titrations 
were done with O.Oo n solutions. 

Total Nitrogen. 

Gra. per 100 cc. 

Blood* 3.0-3 7 

Plasma 1.1-1 4 

Serum 1 2-1.4 

*The value of 3.0 gm. of nitrogen in 100 cc. of blood as given by iNIyers 
and Fine,’ seems to be the low level for normals. 

Non-Protein Nitrogen. — In place of using either methyl alcohol 
or trichloroacetic acid for the precipitation of the protein sub- 
stances, we use an acid mercuric chloride solution. Although 

’ Made by Emil Greiner Co., New York. 

’ Myers, V. C., and Fine, M. S., The Post-Graduate, New York, 1914- 
1915. 
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bichloride of mercuiy has been nsed as a protein precipitant ever 
since Schencld suggested it, it has never been used in connection 
with non-protein nitrogen determinations in blood. The reason 
for this is that Schenck’s 0.8 per cent hydrochloric acid and 2 per 
cent bichloride solution gives almost invariably a veiy cloudy fil- 
trate, containing nitrogen other than non-protein. On trying 
stronger solutions of both the acid and the mercuric chloride, it 
was found that 5 per cent lydrochloric acid and a 5 per cent solu- 
tion of bichloride alwaj’-s gives a water-clear filtrate. The advan- 
tage of this precipitant is that a perfect separation of protein from 
non-protein substances is obtained ndth only one filtration, 
whe^’eas in the method of Folin and Denis^ with methjd alcohol 
and zinc chloride, as well as in Green wald’s' with trichloroacetic 
and kaolin, two filtrations must be made, one after treatment with 
each reagent. 

Furthermore, the time required for complete precipitation is 
reduced to a few minutes. 

Method . — 5 cc. of blood are pipetted into a small Erlennieyer 
flask. 5 cc. of water are added to lake the blood, then 10 cc. of 
5 per cent HCl solution; the mixture is well shaken, and 10 cc. 
of 5 per cent mercuric chloride solution are added, making m 
all exactly 30 cc. This is mixed well, then centrifuged thorough- 
ly. The clear supernatant liquid is filtered through a small, dry 
filter paper; of the filtrate 20 cc. are taken for a micro-Kjeldahl, 
using 5 cc. of concentrated sulfuric acid and about 1 gm. of potas- 
sium sulfate. (Boiling for \ hour is sufficient because the exce^5 
mercury from the precipitating agent serves here as a very efii' 
cient catalyst.) 

The ammonia is determined by aeration and Nesslerizing, OO 
as done in this series, by distilling over into 20 cc. of 0.025 J'sni 
furic acid, and titrating back with 0.025 N sodium hydroxide, using 
Congo red as indicator. 

The values range from 30 to 45 rag. per 100 cc. of blood. Three 
cases only went a trifle higher (see Composite Table). All values 
above 50 mg. should be regarded as pathological. 

The following is for comparison of values obtained b}*^ variou- 
workers. 

^ Schenck, F., Arch. ges. Physid., 1894, Iv, 203. 

' PoUn, 0., and Denis, W., J. Biol. Chem., 1912, xi, 527. 

® GreWwald, I., J. Biol. Chein., 1915, xxi, 61. 
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Non-ProtriJt Nitrogen. 

Mg. per 100 cc. 
of blood. 


This scries 30-45 

Folin and Denis' 22-37 

Grccnwald* 30 

Bang* 19-39 

Taylor and HuUon’ 25-28 

McLean and Selling'* 23-44 

Myers and Fine' 25-30 

Hohhvcg" 40-61 


Urea NifrogcJi. — jMarslifill’s'- urease method was used for de- 
composing the urea into ammonium carbonate; Fohn’s® aeration 
and colorimetric method for determining the same. The Du- 
boseq colorimeter was used in all cases. 

Values obtained range from 15 to 25 mg. of urea nitrogen in 
100 cc. of blood. Onlj' two cases fell below 15 mg. and none ex- 
ceeded 25 mg. (sec Composite Table). 


Urea Nitrogen. 


This series 

Folin and Denis' 

Schwartz and McGill" 

Bang* 

Myers and Fine* 

McLean and Selling'”. . 


Mg. per 100 cc. 
of blood. 

. 15 -25 
. 12 -27 
. 10.8-25.2 
. 6 -20 
. 12 -15 
. 12 -27 


Ammonia Nitrogen . — Using 5 cc. of blood, the ammonia was 
aerated and determined colorimetrically according to the method 
of Folin and Denis.® The values obtained range from 0.4 to 0.75 
mg. in 100 cc. of blood (see Composite Table). 

Uric Acid . — The colorimetric method of Folin and Denis'^ was 
used, with the modification suggested by Benedict.'® 


'Folin and Denis, J. Biol. Chem., 1913, xiv, 29; 1914, xvii, 487. 
* Bang, I., Bioehem. Z., 1915, Ixxii, 104. 

“Taylor, A. E., and Hulton, F., J. Biol. Chem., 1915, xxii, 63. 
'” McLean, F. C., and Selling, L., J. Biol. Chem., 1914, xix, 31. 
" Hohlweg, H., Med. Min. Woch., 1915, xi, 331. 

" Marshall, E. K., Jr., J. Biol. Chem., 1913, xv, 487. 

'* Schwartz, H., and McGill, C., Arch. Int. Med., 1916, xvii, 42. 
" Folin and Denis, J. Biol. Chem., 1912-13, xiii, 469. 

'* Benedict, S. R., J. Biol. Chem., 1915, xx, 629. 
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The results seem to show that normal values of uric acid range 
between 1.0 and 3.5 mg. in 100 cc. of blood. Two cases fell 
below 1 mg. (see Composite Table). 

The following is for comparison of values obtained by various 
workers. 


Uric Acid. 


This series 

Folinand Denis' 

Maase and Zondek'®, 
Myers and Fine’ 


Mg. per 100 cc. 
of blood. 

1. 0- 3.5 
0.7-3. 7 

2.5 

1 . 0 - 2.0 


Creoline and Creatinine. — Folin’sJ’ method was used for deter- 
mining both the creatine and the creatinine. 

Most of the values obtained for preformed creatinine are 0.1 
mg. or less in 100 cc. of blood. It was not deemed worth while 
to estimate below 0.1 mg., which value is therefore given in the 
table whenever the actual amoxmt was found to be this or less. 
Four cases were a trifle higher. 

For creatine the values range between 3 and 6.5 mg. in 100 cc. 
of blood (see Composite Table). 


Creatine and Creatinine. 


This series* 

Folin and Denis’ 
hlyers and Fine’. 


Mg. per 100 cc. of blood- 

Crratine. Crcatm.ee. 

3.0- 6.5 O.l-O o 

5' 2- 8.1 l.W-^ 

5.0- 10.0 1.0-20 


*From this investigation it appears that creatinine is present nor 
mally in traces only and any value exceeding 1 mg. should he consioere 
pathological. 


Residual Nitrogen . — ^This value was obtained by subtracting 
from the total non-protein nitrogen the sum of the nitrogen yalue= 
for urea, ammonia, uric acid, creatine, and creatinine. 
determined nitrogen includes the amino-acid nitrogen. 1 
values obtained range from 10 to 25 mg. in 100 cc. of blood. On } 
three cases fell below this value (see Composite Table). 


’* Maase, C., and Zondek, H., Munch, med. Woch., 1915, Ixii, lUO- 
u Folin, O., J. Biol. Chem., 1914, xvii, 475. 
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Bang® reports 3 to 22 mg. ‘‘amino-acid nitrogen” per 100 cc. of 
blood, but his figures indicate only the difference between total 
non- protein and urea nitrogen. 

Van Slyko’s'® method for the quantitative determination of the 
amino-acids present was not, used in this series, because it would 
necessitate the further withdrawal of more blood than we thought 
advisable. 

Blood Sugar . — The original method of Lewis and Benedict*® 
was chosen because of its accuracy and simplicity. 

The values obtained range between 50 and 120 mg. per 100 cc. 
of blood (see Composite Table). 

The following is for comparison of results obtained by various 
workers. 


Supar. 

Mg. per 100 cf. 


of blood. 

This series 50-120 

Lewis and Benedict'® 90-110 

Miohaelis®® 90-130 

Strouso®' ; 40-120 

Taylor and Hulton® 50-150 

Naunyn®® 70-100 

Liefmann and Stern®’ 70-110 

Hollinger®' 70-100 

Bang®’ 100-110 

Frank®* 80-110 

Roily and Oppermann®’ 62- 88 

Kowarsky®’ 50-110 

Freund and Marchand®’ 55-120 


'* Van Slyke, D. D., and Meyer, G. M., J. Biol. Chem., 1912, xii, 399. 

” Lewis, R. C., and Benedict, S, R., J. Biol. Chem., 1915, xx, 61. 

®® Michaelis, L., Biochem. Z., 1914, lix, 166. 

®' Strouse, S., Bull. Johns Hopkins Hosp., 1915, xxvi, 211. 

®® Naunyn, B., Diabetes Mellitus, Vienna, 2nd edition, 1906. 

®’ Liefmann, E., and Stern, R., Biochem. Z., 1906, i 299. 

®* Hollinger, A., Deulsch. Arch. klin. Med., 1908, xcii, 217. 

®’ Bang, Biochem. Z., 1913, Ivii, 300. 

®’ Frank, E., Z. physiol. Chem., 1910-11, Ixx, 129. 

®® Roily, F., and Oppermann, F., Biochem. Z., 1912-13, xlviii, 187. 

®’ Kowarsky, A., Deulsch. med. Woch., 1913, xxxix, 1635. 

®® Freund, H., and Marchand, F., Deulsch. Arch. klin. Med., 1913, cx, 120. 
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Fat and Cholesterol . — The methods of Kumagawa and Suto/’ 
Rosenthal and Trowbridge, and Bloor®^ are very time-con- 
suming. We have therefore modified the Soxhlet method for 
fat in milk, so that it may be applied to blood. The ordinary 
method necessitates clrjdng the material on a paper coil at 90-95°C. 
This cannot be done with blood, because of the ease with which the 
unsaturated fatty substances in blood are oxidized in air. In 
order to avoid oxidation, we consequently dry the blood in vacuum 
over P2O5. Furthermore, great stress must be laid on the use of 
anhydi’ous ether for the Soxhlet, otherwise foreign substances unll 
be extracted along with the fats and cholesterol. 

Method.—?! cc. of blood are allowed to run slowly from a pipette 
onto a very loose coil of fat-free absorbent paper; this is dried over 
night in a vacuum desiccacor over PoOb at 50-60°C. The coil is 
then extracted with anhydrous ether in a Soxhlet for 5 hours. 
The ether is evaporated from the extracted material, leaving a 
residue not in the least contaminated by pigments. It is dried to 
constant weight in vaaio over P206. -The residue thus obtained 
consists of fatty substances plus cholesterol. To determine the 
cholesterol, it is taken up with 5 cc. of chloroform, to which are 
added 2 cc. of acetic anhydride and 0.1 cc. of H2SO4, as directed 
by Autenrieth and Funk,“* and also by Bloor.®^ The solution is 
made up to 10 cc. with chloroform, allowed to stand in the dark 
for 15 minutes, and then compared in a Duboscq colorimeter with 
a similarly treated standard solution of cholesterol in chloroform 
(5 mg. of cholesterol in 10 cc. are a good strength for comparison). 

Values obtained for cholesterol range from 30 to 60 mg. m 100 
cc. of blood (see Composite Table). 

Subtracting the value of the cholesterol from that of the tota 
ether extract gives the amount of fat plus fatty acids present (also 
lipoids present in traces). Values for fat plus fatty acids range 
from 60 to 160 mg. per 100 cc. of blood. One case was as high as 
320 mg. (see Composite Table). 

This method has the following advantages over those pre* 

5” Kumagawa, M., and Suto, K., Biochem. Z., 1908, viii, 212. 
Rosenthal, H., and Trowbridge, P. F., J. Biol. Chem., 1915, xx, 7 
Bloor, W. R., J. Biol. Chem., 1914, xvii, 377. 

Autenrieth, W., and Funk, A., Munch, med. Woch., 1913, lx, 1243. 

3* Bloor, tv. R., J. Biol. Chem., 1916, xxiv, 227. 
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viously in use: (1) Both fats and cholesterol inaj’’ be determined 
in the same o cc. portion of blood. (2) It. does awaj^ with the 
repeated ether extraction and washing in separatory funnels. 
(3) The actual time of manipulation is only 30 minutes, the dry- 
ing and extraction needing no attention. 

Chlorides. — Determinations were made both upon blood and 
plasma, using the method of McLean and Van Sljdce.®'^ 

450 to 500 mg. of chlorides in terms of XaCl were obtained in 
100 cc. of blood, and 560 to 640 mg. in 100 cc. of plasma (only four 
cases fell a little below these values; see Composite Table). 

Previouslj' reported results by other workers agree well with 
these averages. 


Total Chlorides as XaCl. 


This series 

McLean and Van Slyke” 

Ilogec and Fritsch” 

Mj’ers and Fine’ 


Mg. per 100 cc. 
Blood. Plasma. 

450-500 5G0-640 

490 597-014 

450 

050 


Alkaline Reserve of Blood. — Use was made of Van Slyke’s®’ 
method for determining the carbon dioxide capacity of plasma 
at alveolar tension. From the burette readings the volume per- 
centage of carbon dioxide bound as carbonate bj' the plasma was 
obtained by reference to Van Slyke’s table. In his opinion, nor- 
mals show 53 to 77 volume per cent of CO2 chemically bound by 
plasma, figures lower than 50 per cent in adults indicating acidosis. 
All values obtained in this series agree Mth the above. The 
majority lie between 58 and 68 volume per cent, and none is be- 
low 55 (see Composite Table). 


. Part II. Physical Analysis. 

Conductivity of the Circidating Blood. — A cell was devised^ for 
determining the conductivity of the blood as it exists in circula- 
tion. It consists of three pieces: a center piece B, which is a tube 
Ij inches long and 5 inch outside diameter, and having a capacity 


McLean, F. C., and Van Slyke, D. D., J. Biol. Chem., 1915, xxi, 301. 
Rogde, H., and Fritsch, C., Biochem. Z., 1913, liv, 53. 

’’ Van Slyke, D. D., Proc. Soc. Exp. Biol, and Med., 1915, xii, 7. 




SOME OBSERVATIONS ON THE TETANY OF 
PARATHYROIDECTOMIZED DOGS. 

By ISIDOR GREENWALD. 

{From the llarriman Research Laboratory, Roosevelt Hospital, New York.) 

(Received for publication, April 7, 1916.) 

In a previous communication, tlie author' called attention to 
the marked retention of phosphorus after parathjToidectomy in 
dogs. Later experiments- showed that this retention was fol- 
lowed or accompanied, but never preceded, by a retention of 
sodium and potassium. The amount of phosphorus in the blood 
and serum was found to be increased and this increase was chiefly, 
if not entirely, in those compounds of phosphorus which are in- 
soluble in the usual lipoid solvents but which are soluble in a mix- 
ture of dilute acetic, or hj’-drochloric, and picric acids. As this 
retention of phosphorus appears to be the most marked change in 
metabolism as jmt observed after parathyroidectomy, it seemed 
desirable to investigate its significance further. 

From the experiments of Gamgee, Priestly, and'Larmuth“ it is 
quite evident that if the phosphorus were retained as o-phos- 
phate it could not be regarded as the cause of tetany. Experi- 
ments in this laboratorj'^ confirmed the results of Gamgee, Priest- 
ly, and Larmuth as to the non-toxicity of relativelj’’ large amounts 
of sodium phosphate. It was found possible to increase the 
amount of acid-soluble phosphorus to twenty times the normal 
ammmt without marked effects on the behavior of the animals. 
Other phosphorus compounds were then sought as the possible 
toxic agents. Attention was immediately directed to inosinic 
acid. This substance, which is present in muscle tissue in con- 

' Greenwald, I., Am. J. Physiol., 1911, xxviii, 103. 

“ Greenwald, J. Biol. Chem., 1913, xiv, 363, 369. 

’ Gamgee, A., Priestly, J., and Larmuth, L., J. Anal, and Physiol., 1877, 
xi, 255. 

* Greenwald, J. Pharm. and Exp. Therap., 1915, vii, 57. 

223 



224 Tetany of Paratliyroidectomized Dogs 


siderable quantity is, chemically, one of the simplest of the nucleic 
acids. The large amount present in a tissue so poor in nuclei as 
is muscle, and its ready extraction ' therefrom, indicate that, 
physiologically, it is something quite different. Besides phos- 
phoric acid, it yields upon hydrolysis, a pentose, d-ribose, and 
hj'poxanthine. The latter, according to Schmiedeberg,® produces 
convulsions in frogs. Moreover, the author had observed the 
effects of intravenous injections of xanthine in dogs and had been 
struck by their resemblance to the tetany of parathyroidectomized 
dogs. It was therefore determined to investigate the possible 
role of inosinic acid in the production of tetany. 

Barium inosinate was prepared by the method of Haiser and 
Wenzel.® It was found that when added to horse serum, both 


the phosphorus and the hypoxantliine could be quantitatively 
recovered from the filtrate obtained by treating the serum with 
a saturated solution of picric acid in 1 per cent acetic acid. The 
phosphorus was determined by the method of Pouget and Chon- 
chak as adapted bj'- the author^ to the estimation of phosphorus in 
serum. For the determination of the purine nitrogen, larger 
amounts of the picric acid filtrate were evaporated on the wafer 
bath to a small volume. The entire mass, including the crystal- 
lized picric acid, was transferred to an apparatus for the contin- 
uous extraction of liquids and there treated with benzene until 
no more picric acid was removed. About 5 per cent, by volume, 


of concentrated sulfuric acid was then added and extraction con- 
tinued. After this was apparently complete the aqueous solution 
w'as heated to drive off the residual benzene, cooled, made alka- 
line nith ammonium hydroxide, and treated with ammoniaca 
silver solution. No precipitate was obtained from the equivalent 
of 225 cc. of normal horse serum, but if barium inosinate had be^ 
added a heavy white precipitate appeared. This was filtered o , 
washed with dilute ammonium hydroxide, and decomposed wi ' 
hj'^drochloric acid. The silver chloride was filtered out, the 
trate neutralized with sodium hydroxide, made acid with ace i 
acid, and the hypoxanthine reprecipitated in the usual manner 


= Schmiedeberg, O., Ber. chem. Ges., 1901, xxxiv, 2552. ^ 

® Haiser, F., and Wenzel, F., cited by Steudel, H., Ahderhalden s “ 
biochem. Arbeilsmethoden, 1910, ii, 602. 

' Greenwald, J. Biol. Chem., 1915, xxi, 29. 
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with copper gulfate and sodium bisulfite. The precipitate was 
filtered out, washed with hot water, and its nitrogen content de- 
termined. The amount found corresponded with the amount of 
barium inosinate added. 

TNTcn this method was applied to dog serum it was found that 
neither normal serum nor that of pai'athjToidectomized dogs in 
wliich teta.ny was just developing contained any purine nitrogen. 
In two experiments, in which the serum was not absolutely clear, 
a trace of purine nitrogen was obtained, but this maj'^ have been 
due to the nuclear material of the cells. 

In order to test further the possibility of inosinic acid being the 
toxic agent in tetany, a solution of sodium inosinate, prepared 
from the barium salt and sodium sulfate, was injeeted intraven- 
ousl}' into a dog from which the thjwoid and parathyroids had 
been removed 5 hours previousl 3 ^ No effect was observed, al- 
though the amount used was greater than could have been tol- 
erated if inosinic acid were the toxic agent in tetany. Determi- 
nations made after the injection of the sodium inosinate and also 
when tetanj' appeared on the following daj’’ showed that at the 
latter time the amount of acid-soluble phosphorus in the serum 
was less than in the former instance. 

The h 5 ’-pothesis that inosinic acid is the toxic agent in the causa- 
tion of the tetanj"" of parathjToidectomized dogs must therefore 
be abandoned and the significance of the retention of phosphorus 
remains, for the present, unexplained. 

Recovery of Ihe Phosphorus of Barium Inosinate Added to Serum. 


irtQ. mg. mg. 

Acid-solublc phosphorus in 1 cc. of serum. 0.063 0.061 0.018 

Phosphorus in added barium inosinate 0.058 0.049 0.013 

Total 0.121 0.110 0.031 

Found 0.117 0.116 0.031 


Recovery of the Nitrogen of Barium Inosinate Added to Serum. 

Nitrogen of the barium inosinate added to 250 cc. my. mg. 

of serum 22.09 24.07 

Purine nitrogen found 19.45 23.47 
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Experiment Showing the Effect of the Intravenous Injection of 
Sodium Inosinate. 

t 

To a solution of 1.8345 gm. of barium inosinate in 100 cc. of hot 
water there was added 0.460 gm. of dry sodium sulfate dissolved in 
water. After standing over night, the mixture was filtered and 
the filtrate and washings were diluted to 150 cc. The solution 
contained no barium and only a trace of sulfate. The liquid was 
then made approximatelj’- isotonic with blood bj' the addition of 
0.60 gm. sodium chloride. 

Dec. 11, 1914. Dog weighing 4.18 kilos. Parathyroidectomy at 11 a.m. 
Between 4.00 and 4.27 p.m., injected 145 cc. of the above solution into a 
femoral vein, using cocaine anesthesia. No symptoms. 4.43 p.m., drew 
a small sample of blood. Serum obtained contained 0.127 mg. acid-soluble 
phosphorus in 1 cc. 

Deo. 12, 5 p.m. Fairly well marked twitching. Bled to death under 
cocaine anesthesia. The serum obtained from the first few oo. of blood 
contained 0.097 mg. acid-soluble phosphorus in 1 cc. 



THE FORMATION OF SPECIFIC PROTEOCLASTIC FER- 
MENTS IN RESPONSE TO INTRODUCTION • 

OF PLACENTA. 

By FLOREXCE HULTOX. 

{Frovi fhc Dcpartmatl of Physiological Chciiiislnj, University of 
Pennsylvania, Philadelphia.) 

(Received for publication, May 4, 1910.) 

The digestive power on pure proteins of the serum of injected 
rabbits was reported in a previous paper.' These results showed 
plainlj’ "that under the conditions of the experiment there is 
practicallj' no digestion with the blood of the injected annual in 
excess of that which takes place with the serum of the normal 
control animal.” There were two other points that it seemed 
wise to investigate; (1) the digestive action on placental pro- 
tein of the serum of an animal injected with placenta; (2) the 
digestive action of this same serum on various pure proteins. 

Two dogs were given three injections of a placental emulsion, 
a week apart. The placenta used was human placenta, procured 
soon after delivery. All fetal remnants were carefuUj’^ dissected 
away from the placenta, immediatelj" after delivery with sterile 
instruments, and the upper and lower surfaces cut off. It was 
then wrapped in sterile gauze and placed in a desiccator over 
chloroform. As soon as it was received in the laboratory, it was 
ground in a sterile grinder, caught in a sterile dish, extracted vnth 
Ringer’s solution, and strained through sterile gauze. The first 
two injections were 10 cc. each, the first given intraperitoneall 5 ', 
the second intramuscularlj'. The third injection of 20 cc. was 
administered 10 cc. intraperitoneally, and 10 cc. intramuscularl^^ 
The following da}"^ the dogs were ethei'ized and bled to death from 
the carotid, the blood being caught in a beaker and stirred con- 
stantly to defibrinate. Two normal dogs were bled in the same 
manner. 

’ Hulton, F., J. Biol. Cbem., 1916, xxv, 163. 
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Experiment Showing the Effect of the Intravenous Injection of 
Sodium Inosinate. 

t 

To a solution of 1.8345 gm. of barium inosinate in 100 cc. of hot 
water there was added 0.460 gm. of dry sodium sulfate dissolved in 
water. After standing over night, the mixture was filtered and 
the filtrate and washings were diluted to 150 cc. The solution 
contained no barium and only a trace of sulfate. The liquid was 
then made approximately isotonic with blood bj’' the addition of 
0.60 gm. sodium chloride. 

Dec. 11, 1914. Dog weighing 4.18 kilos. Parathyroidectomy at 11 a.m. 
Between 4.00 and 4.27 p.m., injected 145 cc. of the above solution into a 
femoral vein, using cocaine anesthesia. No sjTnptoms. 4.43 p.m., drew 
a small sample of blood. Serum obtained contained 0.127 mg. acid-soluble 
phosphorus in 1 cc. 

Dec. 12, 5 p.m. Fairly well marked twitching. Bled to death under 
cocaine anesthesia. The serum obtained from the first few cc. of blood 
contained 0.097 mg. acid-soluble phosphorus in 1 cc. 
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TABLE II. 

Increase of Xon-Prolcin N in 100 Cc. of Scrum. 


DiKC‘?lion 

Injected animals.* 

Normal animals. 


tUQ. 

mg. 

Placental protein 

19 

41 

, 

28 

39 

Protamine 

223 

169 

Casein 

58 

121 

Bence-Jones protein 

33 

51 

Phaseolin 

55 

50 

Edestin 

25 

31 

Gliadin 

125 

42 

Sov bean globulin 

26 

30 

Milk albumin ' 

25 

1 

22 


* Injected nnimals in each ease ■were injected with human placenta 
emulsion. 


The results show that, under the conditions of the e-xperiment, 
with placental protein there is no increase in the digestive pow- 
ers of the serum'of the injected animal, that of the normal animal 
showing a slightly greater rise in non-protein N. The greatest 
amount of digestion with pure proteins has taken place with pro- 
tamine. This might be explained on the ground that protamine, 
being one of the simpler proteins, is more readily split into its 
amino-acid components. Gliadin is split to a marked degree bj’’ 
the blood of the injected animal. 

The figures indicate that the blood of the dog possesses to a 
marked degree proteoclastic activity, which is not increased to- 
ward either placental protein or the other proteins used in the ex- 
periment by injecting placental proteins. This activity may 
be due to ferments present as normal constituents of the blood or 
appearing there under certain metabolic conditions, just as tryp- 
sin appears in the urine. Any specific reaction in pregnancy or 
in neoplastic conditions it would seem could hardly be due to 
increased ferment production in the blood and the results do not 
bear out the statement that placental proteins in the circulating 
blood call forth a protective enzyme which by digestion removes 
the placenta from the blood. 
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Proteoclastic Ferments 


SUMMAEY. 

Placental protein is not digested to any greater degree by the 
serum of an animal sensitized to placenta than by the normal 
serum. 

The digestive povrer of the serum of an animal sensitized to pla- 
centa is not increased for casein, Bence-Jones protein, phaseolin, 
edestin, soy bean globulin, or milk albumin. Casein is digested 
to a marked degree by the normal serum, and in most cases the 
normal serum possesses the more marked acthity, 

Protamine is digested to a marked degree in both cases, the in- 
jected animal shoving increased activity. 

Gliadin is not digested to any great extent by the nomal 
serum, but is by the serum of the injected animal- 

In general it may be said that the injection of placenta does 
not mcrease the general or call forth the specific proteoclastic 
ferment of the blood. 

I take this opportunitj- to thank Dr. A. E. Taylor, under vhom 
the vork was begun, for his interest and help, and also Dr. M. M- 
Peet, of the Department of Research Surgery, for his help in 
bleeding the normal dogs. 



A COLORIMETRIC METHOD FOR THE ESTIMATION 
OF FREE FORMALDEHYDE AND HEXA- 
METHYLENAMINE. 

Bv R. J. COLLINS and P. J. HANZLIK. 

(From Ihc Pharmacological Lahoralory, Western Reserve University, 

Cleveland.) 

(Received for publication, April 24, 191G.) 

It has previously been ascertained' that the phloroglucinol or 
Jorissen test is among tiie most sensitive color tests for free for- 
malclehj'de. The advantages claimed for it are: (1) simplicity; 
(2) great sensitivity; (3) it reacts with free or liberated formalde- 
hyde onlj', and does not itself liberate formaldehyde from such 
compounds as hexamcthjdenamine; (4) finallj>-, with the phloro- 
glucinol test there is a gradation of colors, from pink to deep red, 
depending on the concentration of formaldehyde, which sug- 
gested to us the possibility of its application in a quantitative 
manner. However, the colors are not permanent. Their maxi- 
mum intensity is reached within 3 minutes and then the}' gradu- 
ally change to a violet and finall}' disappear altogether. This is 
particularly true with the high dilutions. Therefore we sought 
for a substance, or mixture of substances, which would give us 
the same quality of color as in the phloroglucinol test, and yet be 
permanent when used in making a set of standards. 

After considerable experimentation with metallic salts and dif- 
ferent dyes, a mixture of Congo i-ed (0.025 per cent in water con- 
taining 5 per cent alcohol) and methyl orange (0.01 per cent in 
water) was found to be satisfactory. A mixture of these in the 
proper proportions is only necessary in matching the reds of phloro- 
glucinol in the lower concentrations of formaldehyde. For the 
higher concentrations Congo red alone suffices. 

' Hanzlik, P. J,, and Collins, R. J., Arch. Int. Med., 1913, xii, 578. The 
reagent consists of phloroglucinol (reagent-Merck) 0.1 gm. dissolved in 10 
cc. of 10 per cent sodium hydroxide, 
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It is important to note that samples of Congo red, even of the 
same manufacture, are apt to differ considerably in point of 
quantity, but apparently not in quality, of color. Owing to this 
it is necessary to standardize any particular specimen of Congo 
against a known standard made from an inorganic salt before it 
can be used to prepare the permanent Congo standard for the 
dilutions. ‘We believe that w-e have successfully achieved this 
with potassium bichromate and sulfuric acid. The following 
procedure for standardizing Congos has been found to work satis- 
factorily. 

1.7616 gm. of KoCraOi by titration against alkali (roughl)" 
about 30 cc. of a 5 per cent solution) and 11.5537 gm. of absolute 
H2SO4 (about 7 cc. concentrated) are mixed and diluted to the 
mark in a 50 cc. Nessler tube with a column of 12 cm. This is 
equivalent to 50 cc. of 1 : 100,000 absolute formaldehyde, or 50 
cc. of a Congo standard 1; 100,000, which contains 0.000625 gm. 
of the original dry Congo red, or 2.5 cc. of 0.025 per cent. It is 
only necessary, therefore, to prepare a proper mixture of KiCrjO; 
and H2SO4, and when an unknown Congo solution is standard- 
ized against this, the quantity used will contain 0.000625 gm. of 
Congo. The strong solution can then be diluted or made accord- 
ingly, the standard dilutions from this to be equivalent to the dif- 
ferent concentrations of formaldehyde. 

The proportions of Congo red and methyl orange which have 
been worked out for the different concentrations of absolute for- 
maldeh3de are presented in Table I. The basic solutions for 
making the standards are not mixed until ready for use. We have 
kept both solutions for 2 to 3 months without any demonstrable 
change. How^ever, after the dyes are mixed and diluted to the 
proper volume with water, deterioration occurs with the weaker 
colors within a week, the stronger colors remaining permanent 
for at least 2 w^eeks. It is advisable, therefore, to prepare a set 
of dilutions each da3^ The technique of making standards con- 
sists simply in measuring the quantity of each solution necessar} 
with an accurate^ graduated pipette into 50 cc. Nessler tubes 0 
the short variety with colmnns of fluid 12 cm. high. These are 
then diluted with water to the mark, gently agitated, and are 
ready for use. 

For the estimation of formaldehyde in clear aqueous solution.. 
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containing formaldehyde, the technique is as follows: An aliquot 
portion, 1, 5, or 10 cc., of the solution are measured into the 
Nesslertube, phloroglucinol reagent (1 to 2 cc.) is added, and the 
whole is diluted to the 50 cc. mark and gently agitated. After 
standing 3 minutes the tube is matched against a series of tubes 
containing the standard colors Just described. The results can 
be expressed in percentage or gm, of formaldehyde. In calcula- 
tion allowance must be made for dilution in the Nessler tube. 

TABLE I. 


Standard Mixtures of Congo Red and Methyl Orange. 


Concentration of 
formaldehyde,* 

Porcontftfto 
concentration of 
formaldchj de 

Congo red** 

0 025 per cent. 

Methyl orange** 

0 01 per cent 



cc. 

cc 

1:20,000 


20 0 

0 

1:30,000 


11 0 

0 

1:40,000 


D 0 

0 

1 : 50,000 

0.002 

8 0 

0 

1:00,000 

0 0016 

5 0 

0 

1:80,000 

0.00125 

4 0 

0 

1: 100,000 

0.0010 

2 5 

0 

1:200,000 

0.0005 

0 85 

0 40 

1:250,000 

0 0004 

0 65 

0 35 

1:500,000 

0.0002 

0 25 

0 18 

1:750,000 

0 00014 

0 20 

0 15 

1: 1,000,000 

0 00010 

0 13 

0 10 


* Total volume of solution = 50 cc. in a Nessler tube with a 12 cm 
column. 

** The quantities of Congo red and methyl orange here indicated are 
mixed and diluted with water to the mark in a 50 cc. Nessler tube with a 
12 cm. column. 


For instance, if 5 cc. of the formaldehyde solution were used and 
diluted to 50 cc,, then the percentage concentration to which 
the matched color corresponds is multiplied by 10. This gives 
the percentage concentration of the formaldehyde solution. From 
this the absolute weight in gm. of formaldehyde can, of course, 
be easily calculated. 

For urine the procedure must be slightly modified because of 
the presence of phosphates wlrich, when precipitated by the al- 
kali of the phloroglucinol reagent, interfere with the reading of 
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the color. These are removed by adding to an aliquot portion 
of the urine a few drops of concentrated (50 per cent) sodium 
hydroxide and filtering, then washing with a little water to the 
original volume. 

If the urine is concentrated or deeply colored, an equal volume 
of the same or some other urine of about the same color must be 
added to the standards containing the mixtures of Congo red 
and methyl orange. Tire estimation is then carried out in ex- 
actly the same way as for aqueous solutions. 

We have compared the colorimetric method vdth the Eomijn 
or iodine method,- the U.S.P. peroxide method with heat/ and 
the sodium hydroxide heat pressure method.'* Distillates from 
known quantities of hexamethylenamine were used. Results il- 
lustrative of the data obtained are indicated in Table II. The 
following mean percentage recoveries of the theoretical jdeld of 
formaldehyde were obtained with the different methods: colori- 
metric, 99 per cent; Romijn, 88 per cent; U.S.P., extremely vari- 
able (none to 96 per cent); hydroxide and pressure, extremely 
variable (none to 90 per cent). In order to be able to obtain these 
percentage recoveries •\\ith the other methods usually ten times 
the quantity of the distillate was necessarj' for single estimations, 
as compared with the colorimetric. It was also found that the 
colorimetric method is more accurate with higher dilutions of 
formaldehyde, because it is more difficult to read small differ- 
ences between more intense than between weaker colors. 

For direct application to urine the other methods vdth which 
the colorimetric was compared are not suitable, since urine itself 
consumes iodine, hydroxide, and peroxide. Distillation of urine 
containing such an easily decomposable formaldehy'de compound 
as hexamethjdenamine is not permi^ible if an idea of the formal- 
dehyde liberated during its passage through the body is to be 
obtained. Here the only choice is the colorimetric method. 

Satkowski^ has recently practiced a modification of the Leach feme 
chloride test as a colorimetric method for the estimation of formaldehyde. 


= Sutton, F., Volumetric Analysis, Philadelphia, 9th edition, 1904, 370. 
’ TJ. S. Pharm., Sth revision, 1900, 2G6. 

* Smith, C. E., Am. J. Pharm., 1S9S, Ixx, SO. 

5 Salkowski, E., Biochem. Z., 1915, Isviii, 337; 1915, Ixxi, 365. 
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In this hydrocliloric ncid is used, find this precludes its use for the esti- 
mation of free formaldehyde in the presence of easily decomposable for- 
maldehyde compounds, such as hexamcthylcnaminc. IVe have not prac- 
ticed the phcnylhydrazinc-nitro-prus'jidc test for quantitative purposes 
because of difficulties with the test which were pointed out in a previous 
paper. It has been used by Dunning.* 

TABLE II. 


Esliiitnlion of Formaldehyde in Ilcxamelhylcnamine. 


■ 

Equiv.ilont in , 

rormaldcliyde recovered. 


Romijn. 

c. S. P. 

Alkali. 

Colorimetric. 

pm. 

pm. 

wmmm 

per cent 

per cent 

per cent 

1.0 

, 1.2S 


Xonc(4) 


98(4) 

0.5 

0.64 

53(7.8) 

76(78) 

32(7.8) 
i 80(78) 

41(7 8) 
90(7S) 

100(7.8) 

0.05 

0.064 

m 



■ 1 

0.005 

0.0064 

>\one(22) 

90(220) 

Xone(22) 

“ (100) 

Xone(22) 

“ (100) 

100(7.8) 

100(22) 

102(15) 


Hexamethj'lenamine in each case above was decomposed with the aid 
of weak acid (three drops of 85 per cent phosphoric). 


1.0 

1.28 


None(l) 

Xone(l) 

82(10) 

78.1(1) 

0.5 

0.64 

Xone(l) 

74.25 

None(l) 

69(20) 

93(25) 

Xone(l) 

78(20) 

78.1(1) 

0.05 

0.064 

74.7(25) 

98(100) 

76(100) 


78.1(25) 

0.005 

0.0064 

None (25) 
48(50) 

None(25) 

None(25) 

78.1(25) 


Hexamethylenaminc in each case was decomposed with the aid of 
strong acid (20 cc.), sometimes phosphoric, sometimes sulfuric. 

* The figures in brackets denote the number of cc. of distillate used for 

estimation. The distillate in each case measured 1,000 cc. 

* Dunning, H. A. B., J. Am. Pharm. Assn., 1914, iii, 637. 













































FURTHER STUDIES ON THE NUTRITIVE DEFICIENCIES 

OF WHEAT AND GRAIN MIXTURES AND THE PATH- 
OLOGICAL CONDITIONS PRODUCED IN 
SWINE BY THEIR USE.* 

By E. B. H.VIIT, ^Y. S. MILLER, and E. V. McCOLLUM. 

(From the Departments of Agricultural Chcmislrg and Anatomy of the Uni- 
versity of W'isconsin, Madison.) 

Plates 1 to 5. 

(Received for publication, April 8, 1016.) 

In earlier studies on the influence of restricted natural feeds on 
growth and reproduction it was observed that a ration from the 
wheat plant’ — wheat grain plus wheat straw — was wholly inade- 
quate with heifers for reproduction and in some instances for 
continued growth. With swine, confined to the wheat grain and 
a suitable salt ml.\ture, growth soon ceased and the animals 
passed into a poor condition, while a corn and salt mixture ration 
was at least sufficient for slow growth and continued well-being.” 
Similar results are on record with rats, and only when a liberal 
supply of casein and fat-soluble A was added to a wheat grain 
and salt mixture was growth continuous and, in the case of rats, 
reproduction possible. 

Previous work in this laboratory has shown the necessity of 
two hitherto unappreciated factors in the diet of the growing 
animal. One of these is associated wdth butter fat and certain 
other fats and is found also in relatively small amounts in the 
grains, but in considerably higher concentration in the leaves of 
certain plants, as alfalfa and cabbage, than in the grains. The 

* Published with the permission of the Director of the Agricultural Ex- 
periment Station. 

’ Hart, E. B., MeCollum, E. V., Steenbock, H., and Humphrey, G. C., 
Wisconsin Exp. Station, Research Bull. 17, 1911. 

” Hart, E. B., and McCollum, E. V., J. Biol. Chem., 1914, xix, 373. 
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growth curves of two animals receiving Ration 1, consisting of 95.5 pounds 
of wheat meal, 2.5 pounds of wheat gluten, 2 pounds of butter fat, 323 gm. 
K 2 HPO 4 , and 513 gm. Ca lactate. The salt mixture is one which when 
added to a mixture of 70 parts of corn meal and 30 parts of gluten feed was 
adequate for a fair rate of growth and perfect maintenance. The protein 
content of the ration was approximately 13 per cent. Symptoms of mal- 
nutrition and failure to grow appeared only after a lapse of 9 months, and 
then loss of ■weight set in, followed by difficulty in locomotion, rough coat, 
labored breathing, and muscular twitching. Fig. 1 shows the appearance 
of one of these animals before the last stages. At this time this animal 
could still walk, although with difficulty, but there was not the extreme 
prostration appearing in other animals on similar diets and manifested by 
walking on the knees or dragging the rear quarters. 

The animal was killed and the suprarenals, thyToid, parathyroid, spinal 
cord, and brain were removed. There were no certain abnormal conditions 
noted in the ductless glands. The spinal cord, which was examined by Dr. 
Miller, did show marked histological changes and the studies recorded for 
this animal, as well as others described below, are confined to the spinal 
cord. The vertebral canal contained a considerable quantity of fluid and 
the motor cells of the spinal cord exhibited marked alterations. Fig. 3 
is a microphotograph of this pathological cord from the lumbar region. 
Fig. 2 shows a section of a normal pig’s spinal cord in the same region and 
taken from an animal of approximately the same age as that of the patho- 
logical specimen. It will be noticed that there are marked differences in 
these specimens, although both were carried simultaneously through the 
same fixing and staining baths.’ 

In the normal cord the motor cells are not compri ssed and 
shrunken and are not surrounded by any appreciable quantity of 
fluid. The processes are intact, the nucleus and nucleolus remain 
distinct, and the Nissl granules likewise are distinct and separate. 
In the pathological cord we see a picture of marked contrast. 
The motor cells, surrounded by fluid, are compressed, the pro- 
cesses partly degenerated, the nucleus is shrunken, and the whole 
cell content stained as a uniform blue mass (black in photo). 

’ Blocks about 1 cm. thick -were taken from the various regions of the spi- 
nal cord and throughout the series ■were treated as follows: 

1. Fixed in Van Gehuchten’s fluid for 8 hours. 

2. Treated with alcohol of gradually increasing p*rongth. 

3. Cleared in a mixture of ' ' narts of nd turpentine- 

4. Embedded in paraffij 

5. Sections cut 5 and 7i t 

6 . Stained with erj'thrcfe 

7. Mounted in balsam, r 



E. B. Hart, W. S. Miller, E. V. McCollum 243 


These jiictures of the cord changes are similar to those described 
bj' Vedder and Clark’® for pol3'neuritis in fowls, but here pro- 
duced in the presence of all known essentials for adequate nutri- 
tion. It would appear, therefore, that the inherent toxicity of 
the wheat kernel must be held directlj’’ responsible for these 
changes. The onlj' possible criticism that could be raised against 
this conclusion is the factor of the quantity of fat-soluble A in- 
troduced into the diet. While 2 per cent of fat-Soluble A (2 per 
cent of butter fat) is inadequate for normal growth of rats on a 
purified food diet, j’ct there is no evidence that this amount would 
not allow slow growth and continued maintenance of well-being 
in the animal. Further, in the diet hej-e used there was un- 
doubtedlj' some fat-soluble A introduced with the whole wheat 
grain.” The quantity of water-soluble B introduced was also 
probablj' ample, since the embrjm of the wheat grain constituted 
about 5 per cent of this ration and that proportion is known to 
carr3’ enough of this material for continued and normal growth.’’ 

The pathological changes in the cord correlate ver3'^ readil3’' 
with some of the external S3'mptoms manifested b3' these ani- 
mals, such as stiffness and lack of muscular coordination. 

Experiment 3 . — In Text-fig. 2 is shown the growth curve of two female ani- 
mals receiving 3 pounds of whole milk daily per individual, and what wheat 
meal thej'would consume (Ration 2). The wheat meal varied with the age 
of the animals from 2 to 4 pounds per individual daily, and constituted about 
90 per cent of the dry matter of the ration. The plane of protein intake was 
between 12 and 15 per cent, and the butter fat consumed daily approxi- 
mated 45 gm. This would make the per cent of butter fat in the ration 
vary from 2 to 4 per cent, depending upon the variation in the wheat meal 
consumed with increasing age. The milk protein constituted from 20 to 
40 per cent of the total protein intake, likewise depending upon whether 
the animal was consuming 2 or 4 pounds of the wheat meal. 

Growth was rapid and normal for 4 to 5 months, at which time the rate 
of growth began to decline and finally actual loss of weight set in. At this 
time there was extreme stiffness, twitching of the muscles, and dragging of 
the rear quarters. After being helped to stand these animals would fall 
again to their knees, draw the hind legs toward the fore feet, and from this 
position roll to one side. Fig. 4 shows these individuals. Postmortem 
examination was made by Dr. Miller and revealed the probable causes of 
the condition. The suprarenals, thyroid, parathyroid, and brain were re- 


Vedder, E. B., and Clark, E., Philippine J. Sc., B, 1912, vii, 423. 
” McCollum and Davis, J. Biol. Client., 1915, xxi, 179. 
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moved. Grossly, the ductless glands showed no marked change. The 
brain was not sectioned. The spinal canal contained a considerable quan- 
tity of fluid and in the spinal cord again distinct changes had occurred 
(see Fig. 5). The motor cells were shrunken, surrounded by fluid, and ap- 
peared to be under pressure. The processes had degenerated, the NissI 
granules -were crowded together, and the nucleus and nucleolus nearly ob- 
literated. It should be noticed in the microphotograph that some of the 
motor cells were apparently intact and not all of them in the same degree of 
degeneration. The histological picture here presented is very similar to 
that described for the animals on Ration 1. The ventrolateral and the 
ventromedial groups of cells in the anterior horn of the spinal column 
are chiefly affected. In other words, those cells that are most concerned 
in the formation of the motor root of the spinal cord showed greatest 
degeneration. 


Apparently swine were somewhat more susceptible than rats 
to the toxic substance of wheat, and it may well be suspected 
that other species will vary in this respect. Unpublished data 
indicate that chickens are considerably less susceptible to a re- 
stricted wheat ration than any of the animals so far involved in 
these inquiries. It should again be emphasized that all the nec- 
essary factors for continued growth were present in this ration 
and the only explanation of these results must lie in the presence 
of toxicity. It was, however, possible that in Experiment 2 
described above there was an inadequate supply of salts. The 
introduction of but 3 pounds of milk daily may have given an 
insufficient quantity of this factor, especially after the animals 
reached the higher weights of 150 pounds or more. 


Experiment 3 . — For the reason stated above, animals were started on 
Ration 3, composed of 95.5 pounds of wheat, 2.5 pounds of wheat gluten, 
323 gm. K»HPO<, 513 gm. Ca lactate, and 3 pounds of whole milk per indi- 
vidual daily. The salt mixture is the same one used with success in experi- 
ments with corn grain. For 6 months growth was practically normal (see 
Text-fig. 3) but after that time decline set in and the animals suffered in 
nutrition as is indicated in Fig. 6. This figure shows one of the individuals 
toward the end of the experiment. 

The gross external symptoms were similar to those previously describe 
for other animals on excessive amounts of whole wheat. No microscopica 
examination of the cord of these animals was made, but we have no dou 
that the picture would have been similar to that already described. 


It is apparent from the results of the above experiments that 
\too large a proportion of w'hole wheat in the ration w'ill introduce 
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such a mass of toxic material as to render it impossible for this 
animal to complete its cycle of life, even in the presence of a con- 
siderable quantity of all known factors necessary for growth. 

The question of the cause of this pathological condition may, 
however, be more complex than would seem evident from the 
above experiments. In those experiments described it is fairly 
clear that the result is due to the introduction of toxic material. 
In two additional experiments which we wish to present, the fac- 
tors operative may be more complex and raise the question whether 
there are not several ways by \yhich this pathological condition 
may be produced. In 1914 we published- among other data the 
curves of growth of swine receiving a ration of 30 parts of corn, 
30 parts of wheat middlings, 30 parts of oats, and 10 parts of oil 
meal, 323 gm. of K2HPO4, and 513 gm. of Ca lactate. With this 
ration, presumably carrying a suitable salt mixture, a fair quality 
of protein, but probably a rather low quantity of fat-soluble A and 
the toxicity of the wheat embryo of the middlings, growth was not 
sustained and the animals passed into a pathological condition. 
The factors operative in this experiment may have been toxicity 
augmented by too low a supply of fat-soluble A. Of course, 
the mass of toxicity in this ration was appreciably lower than in 
a ration carrying 90 per cent or more of- whole wheat. The embryo 
of the wheat grain constitutes about 6 per cent of the grain, which 
would mean a content of 4 to 5 pounds of embryo in 100 pounds 
of the wheat ration described in Experiments 1, 2, and 3. In 
the mixed grain ration the content of embr}^ would be much less, 
probably not over 2 pounds in 100 pounds of the mixture, based 
on the fact that wheat middlings contain about 6 per cent of 
this material. 

Experiment 4- — ^In this experiment the ration (Ration 4) consisted of 30 
parts of corn, 30 parts of -(vheat middlings, 30 parts of oats, 10 parts of oil 
meal, and a small daily allowance of roots and alfalfa. The latter did not 
constitute over 5 per cent of the dry matter of the ration. In this ration 
toxicity of the embryo was introduced and at the same time the salt content 
of the ration was inadequate and probably the content of fat-soluble A 
low. Text-fig. 4 shows the curves of growth and Fig. 8 the condition of the 
animals at the time the experiment was discontinued. After 4 to 5 months 
growth had ceased, although at no time was it normal. The animals gradu- 
ally passed into a poor condition, accompanied by lack of muscular coor- 
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dination, emaciation, and labored respiration. They were also unable to 
stand. 

One was killed and the spinal cord was examined by Dr. Miller. Fig. 
7 shows a section of the cord in the cervical region. Besides a consider- 
able collection of fluid in the vertebral canal the motor cells were sur- 
rounded by fluid, compressed, the processes degenerated, and the general 
condition of the cord similar in kind, if not in degree, to those already de- 
scribed. In this cord there was a smaller number of motor cells in a degen- 
erated condition than in some of the cords examined, but sufficient to con- 
nect directly the physical state of the animal with the condition found in 
the nervous tissue. It should be noted that in some cases the stainable ma- 
terial of the cell has collected on one side, and in mass. The tigroid bodies 
are no longer discrete. 

Experiment 5 . — Since in all the experiments so far described wheat has 
either constituted a large percentage of the ration, or else its by-product, 
such as middlings, carrying the embryo, has made up a considerable frac- 
tion, we are led to the conclusion that the pathological condition of these 
animals resulted from toxicity inherent in the wheat. We believe that this 
is the correct explanation in these cases. However, evidence is accumu- 
lating from our experiments with swine that this pathological condition 
may probably be produced by rations free from any known toxicity and 
abundantly supplied with fat-soluble A and water-soluble B, but inadequate 
only in the quality and quantity of its mineral content. On a ration con- 
sisting of 45 parts of corn meal, 45 parts of oats, 10 parts of oil meal, and 5 
parts of butter fat, the animal will, after a sufficient lapse of time, cease to 
grow and pass into a condition shown in Fig. 9 (Text-fig. 5 shows the curves 
of growth). No histological examination has yet been made of the cord of 
any of the animals of this group, and we withold final conclusions until 
more data are available; but the indications are rather positive toward the 
possibility of at least gross disturbances arising similar to those already 
described and involving the animal in external symptoms identical with 
those induced by the inherent toxicity of the wheat grain. In this ration 
the salt mixture is that common to the grains used. Unless later investi- 
gation should disclose toxicity in some of the products used, this would 
seem to be the logical explanation of our results. 

TJp to the present time we have found alfalfa meal or meat 
scraps among natural foodstuffs to be very successful supplements 
to a ration made up of corn, oats, middlings, and oil meal. There 
are undoubtedly many other materials that are either successfully 
in use or will be found capable of acting as supplements, but it 
is clear that if it is a single substance it must carrj”^ supplement- 
ing proteins, abundance of fat-soluble A, and especially a better 
salt mixture. We have no doubt that milk would readily come 
into this cat""''’"'’' noorl in ciiffioipnh quantities to furnish an 
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adequate salt mixture. We have, however, records where skim 
milk was used in quantities sufficient to constitute as dry matter 
1 to 5 per cent respective!}' of the dr}' matter of the ration. In 
these cases the grain ration was again made up of corn, oats, 
middlings, and oil meal. The protein level was approximatelj' 
the same as in all the other experiments, 12 to 15 per cent. The 
results were a failure, as shown in the growth curves (Text-fig. 6) 
for the high intake of milk used. Failure was probably due to 
too low an intake of fat-soluble A and an inadequate supply of 
salts. 

TMiere alfalfa constituted 20 to 25 per cent of the ration and 
middlings 20 per cent, the toxicity of the middlings was over- 
come, the inadequacy of the grains disappeared, and the animals 
remained sound and vigorous. Undoubted!}' other roughages as 
the leaves or stems of plants would serve similar purposes. Curves 
of growth of these animals arc shown in Text-fig. 7. This growth is 
somewhat below normal, possibly due to an absence of a highly 
efficient protein mixture. ' 

As previously stated, it does not appear possible to supple- 
ment successfully the mixed grain ration here used with a single 
essential factor of growth. We have, however, in earlier experi- 
ments shown that the corn grain can be supplemented with salts 
alone with success in growth and maintenance, but here too the 
growth is somewhat below normal, due to poor proteins. With 
our mixed grain ration salts were used in the presence of middlings 
and a failure resulted. Butter fat has been imposed on the same 
ration and also on a mixture of corn, oats, and oil meal, with 
failure. It is probable, therefore, that our success with alfalfa 
rests on the introduction of a number of factors, such as more 
fat-soluble A and a better salt mixture. Whether the latter 
quality lies partly in its high calcium content remains for further 
study. These results with alfalfa make it clear how successful 
growth, even with omnivora, can be attained on a strictly vege- 
table diet,*- and what an important part the leaf and stem por- 
tions of plants play in the life of herbivora. 

With commercial meat scraps as supplements to a corn, mid- 
dlings, oats, oil mixture as previously described, we have also had 

Hart and McCollum, Proc. Am. Soc. Animal Production, 1915; J. Biol. 
Chem., 1916, xxiv, p. xxviii. 
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splendid success in obtaining normal growth and sustained vigor. 
This is a commercial product obtained from the packing estab- 
lishments and carries considerable quantities of bone material. 
The calcium content of the material was 6.5 per cent. This pro- 
duct had been heated to 110°C., but the length of time could 
not be definitely given. 

Curves of growth with both 1 per cent of meat scraps in the 
ration and with 5 per cent are shown in Text-figs. 8 and 9. These 
animals remained in splendid form and on 5 per cent have given 
birth to two litters of young. The reproduction, however, is not 
entirely satisfactorj'-, a small percentage of the young being dead. 
Those that lived were vigorous and strong. On 1 per cent of 
meat scraps grondh was splendid and maintenance perfect, but 
no successful reproduction has followed. The animals were physi- 
cally active, -conceived, but the young were carried from 1 to 2 
weeks over time and aU were born dead and hairless. On both 
diets earrying -meat scraps the mothers have reaahed -^eights, of 
400 poimds or more. The factors introduced by this material 
were, again, better proteins, more fat-soluble A,'® and an appreci- 
able increase in calcium and phosphorus through the content of 
bone material in the meat scraps. It is indeed surprising to find 
as low an amount as 1 per cent of meat scraps supplementing these 
grains perfectly for growth, although apparently inadequate for 
successful reproduction. Our contention that alfalfa and meat 
scraps supplement the grains by virtue of introducing into the 
ration a better salt mixture, more fat^soluble A, and in the case 
of meat better proteins, is not wholly based on indirect inference, 
but on direct experimental inquiry. TiTien a ration of corn, 
middlings, oats, and oil meal mixture has been supplemenfe 
with known salt additions and butter fat, thereby impro-vung the 
mineral content of the ration and increasing the quantit}”^ of fat- 

f ’ lie A, the curves of growth approach the normal and the 
als appear at the present -writing in normal condition. The} 
been on this ration for 100 days. 

sborne and Mendel {J. Biol. Chtm., 1915, xx, 379) have shown the 

l•rvT^nn r»f A in Vinnf fofQ 
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SUMMARY. 

Malnutrition, histologically characterized by nerve degenera- 
tion, may result from the absence of certain factors in the diet as in 
the case of beri-beri. A similar condition may likewise arise from 
the presence of toxic materials in apparently normal food prod- 
ucts, and in the presence of all known factors essential for con- 
tinued growth and well-being. 

1. It is apparent from the results here recorded that with a large 
mass of wheat in the ration of swine toxicity will follow even in 
the presence of all the recognized factors for growth. Only in 
the presence of very liberal quantities of all these factors can the 
effect of the toxicitj' be overcome. 

2. Tills toxicity manifests its action bj^ producing important 
histological changes in the nervous system of the animal, not un- 
like those recorded for beri-beri. 

3. No one important factor for growth, such as better proteins, 
salts, or fat-soluble A, appears able to act as a complete corrective 
for this toxicity. 

4. It also appears possible to produce similar pathological con- 
ditions in swine in the absence of all known to.xic material and 
in the presence of a fair quality of protein, a plentiful supply of 
fat-soluble A, and water-soluble B, but a poor salt mixture; 
namely, that natural to the grains used. 

5. Excellent supplementary materials to the grains, even in 
the presence of the toxicity of the w'heat products, have been 
found in alfalfa and commercial meat scraps. Probably milk if 
used in sufficient quantities would also serve this purpose ad- 
mirably. 

6. The factors introduced by alfalfa are undoubtedly an abund- 
ance of fat-soluble A and a better salt mixture. Its richness in 
calcium may be important and the relation of calcium to this 
problem will be studied further. With commercial meat scraps 
the factors for improvement are undoubtedly better proteins, 
more fat-soluble A, and a liberal supply of calcium phosphate 
resident in the bone material it carries. 
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Text-Fig. 1. This shows the failure of swine to continue their growth 
on a ration of wheat, wheat gluten, butter fat, and salts. 
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Text-Fig. 2. Growth curves of animals receiving wheat meal and 3 
pounds of whole milk per individual daily. Growth was not sustained. 
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Text-Fig. 3. Growth curves of animals receiving wheat meal, wheat 
gluten, salts, and 3 pounds of whole milk daily per individual. Growth 
was not sustained. 
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Text-Fig. 4. Growth curves of aniinals receiving a ration of 30 parts of 
com, 30 parts of wheat middlings, 30 parts of oats, 10 parts of oil meal, 
and a quantity of alfalfa and roots constituting less than 5 per cent of the 
dry matter of the ration. Xormal growth was not continuous and the ani- 
mals passed into the condition shown in Fig. 8. 
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Text-Fig. 5. Growth curves of animals on a ration of 45 parts of corn 
meal, 45 parts of oats, 10 parts of oil meal, and 5 parts of butter fat. Growth 
was slow, below normal, and not sustained. These animals likewise passcfl 
into a poor condition. An insufficient salt mixture is probably responsible. 
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Text-Fig. C. Curves of growth of swine receiving a grain mixture of 30 
parts of corn, 30 parts of wiieat middlings, 30 parts of aats, o parts of oil 
meal, and l.Go pounds of skim milk daily. The mineral content of the 
ration and the quantity of fat-soluble A were probably insufficient!}- sup- 
plied to overcome the toxicity of the wheat middlings. 
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Text-Fig. 7. Curves of growth of swine on a ration made up of 20 parts of 
corn, 20 parts of oats, 20 parts of middlings, 10 parts of oil meal, 25 parts 
of alfalfa meal, and 5 parts of corn starch. The growth curve is a little 
below the normal, but physiological soundness was attained. The suc- 
cess secured here was probably due to a liberal supply of fat-soluble A and 
a better salt mixture, due to the introduction of the alfalfa meal. 
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TnxT-Fia. S. Curves of growth of swine on a ration of 30 parts of corn, 30 
parts of middlings, 30 parts of oats, S parts of oil meal, and 1 part of meat 
scraps. Normal curves of growth were obtained, but reproduction was 
not successful. The mothers conceived, developed the young, but they 
were boVn dead and hairless. 
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STUDIES OF AUTOLYSIS. 
ni. THE EFFECT OF REACTION ON LIVER AUTOLYSIS. 

Bv H. C. BRADLEY AXn JOSEPH TAYLOR. 

(From the Lahoralonj of Ptiijaiolor/ical Chemistr}/, Uriivcmiltj of Wisconsin, 

Mnriison.) 

(Received for puUUcation, April 14, 191G.) 

■ In previous paper.s on ihc subject of .'uitolj'sis' we have pre- 
sented evidence which appear.s to indicate that the accelerating 
effect of acids and acid salts on the autolyzing liver is due to a 
change in the proteins from the resistant tJ^5e which constitutes 
the bulk of tJie liver tissue to a form which will digest. WTiile 
looking for activation of an cnzj'nic as one of the factors govern- 
ing the autolytic process we have thus far failed to find direct 
proof of any such activation. Indeed the failure of certain for- 
eign proteins to digest at a more rapid rate in the presence of 
acids which greatlj’ increase the rate and extent of liver-protein 
digestion, is direct evddence to the contrary. 

In this paper we wish to present further data upon the deter- 
minative effect of reaction in liver autolysis with its bearing on 
the mechanism which controls the direction and extent of auto- 
lysis under physiological and pathological conditions. The e.x- 
periments may be grouped as studies of the effect of aciditJ^ 
neutralitj’-, and alkalinity upon the digestion of liver proteins and 
of certain foreign proteins. 


Methods. 

/ 

In some of the experiments tannic acid was used as the protein 
precipitant, as described in previous papers. In others we have 
emploj’’ed trichloroacetic acid as suggested by Greenwald,- titrat- 

' Bradley, H. C., and Morse, M., J. Biol. Chem., 1915, xxi, 209. Bradley. 
H. C., J. Biol. Chem., 1915, xxii, 113. 

- Greenwald, I., J. Biol. Chem., 1915, xxi, 01. 
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ing the filtrates ■nfith the fonnol method or estimating the amino 
nitrogen by the Van Slyke micro apparatus. The trichloroacetic- 
acid-formol method has the great advantage of rapidity over the 
tannic acid technique. Inasmuch as only amino-acid carboxyl 
groups are titrated, the method necessarily gix^es a slightly dif- 
ferent picture of autolysis than the soluble nitrogen method. In 
a general wajq however, the two methods have been found to 
parallel each other closely, and the results of titration accord veil 
noth the results obtained bj’' the Van Slyke method. The filtrates 
are always colored slightly yellow so that some practice is required 
in getting the end-points. 25 cc. of the digest are mixed with 
50 cc. of trichloroacetic acid and made up to lOO cc. The mix- 
tures are filtered after standing over night, 0.2 r? NaOH is used 
for titration with phenolphthalein as indicator. The figures in 
the tables representing digestion are cc. of 0.2 NaOH per 2o 
cc. filtrates where not otherwise designated. 

I. The Effect of Acids and Acid Salts. 

The liver proteins are very sensitive to acidity. la previOTS 
experiments the acidity of manganous salts, and of 0.01 N HO, 
w'ere showm to affect the rate and extent of autolysis markedlj. 
We have here compared a number of other acids and salts. 

1. COn. — The gas, thoroughly w'ashed througb NaHCOj an^ 
toluene w'ater, wms bubbled slowly through the digesting mixtures. 
Autolysis increased. This confirms the work of Yoshimoto in ' 
CO2, boric, and salicylic acids.® 

TABLE I. 

Beef Liver. 


Days. 



0 

i 1 



7 

11 

I. Control 

0.40 

l.SO 

1 2.40 1 

2.70 

2.60 


II. “ -h CO. 

O.SO 

2.40 

3.20 

3.50 

3. GO 


: 



• 


2. HCN. — The acid was prepared by several ^”5 

der diminished pressure from Merck’s 5 per cent chemica } 


3 Yoshimoto. S.. Z. vhvsioL Chem.. 190S. Iviii, 341. 
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add. The original was contaminated witli small amounts of the 
halogen acids and sxilfuric acid and was found to give increased 
.autol 3 'sis. The purified acid, whose strength was determined by 
silver prccipit.ation, had no .appreciable cfTcct either upon the rate 
or the equilibrium of the digesting liver. HCN is loiown to be 
one of the weakest of the common acids. Made up with dis- 
tilled water in strengths comparable to the concentrations used 
in the digests, it gave a H‘ con cent nation of .about P„ = G.0±, but 
was without measurable effect on the H’ concentnation of a 
digest.'* 


TABLE It. 


Horse Liver. 





Da>'3. 

Gain. 




■i 

2 

5 

10 

I. 

Control... 


0 40 

0 95 

1 IS 

m 

m 

II. 

“ -f 

IICX 0.02 .V 

0 40 

1 05 

1 30 

lEl 

ItllM 

III. 


“ 0 01 N 

0 40 


1 25 


lEil 

IV. 

“ 4 - 

“ 0 003 .V . . 


0 05 

1 20 

m 

iKSl 

Ml 


3. H 3 PO 4 atjd KH^POj. — Equivalent solutions of the salt and 
acid as measured b 3 ^ titration uith NaOH give marked increases 
in autol 3 'sis. The acid shows the usual optimum concentration 
of about 0.04 x. The salt, on the other hand, even in 0.2 n 
strength, is less effective than the most dilute acidity tried — 0.01 
N. Tile IP concentration in 0.01 n H3PO4 is higher than in 0.2 
N KH2PO4. 


‘ The hydrogen ion determinations cited in this paper -were made with 
the Sorensen indicator method as applied by Rowntree and his coworkers 
(Levy, R. L., Rowntree, L. G., and Marriott, W. McK., Areh. Int Med., 1915, 
xvi, 389). 5 cc. of the digest were dialyzed against 5 cc. of distilled water 
in steamed Jena glass for 3 minutes, using collodion bags. The phosphate 
solutions were corrected by titration but were not checked by the poten- 
tiometer, so that they are approximations rather than absolute figures. 
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TABLE III. 


Beef Liver. 



0 

Da 

2 

ys- 

6 

12 

Gain. 

1. Control 






■l.?5 

1.90 

2.55 

1.7.5 

II. 

iC 

-1- 

KH-POi 

0.01 X 



1.40 

2.10 

EliS] 

2.20 

III. 

ii 

- 1 - 

It 

0.02 X 


o.so 

1.45 

2.40 

3.35 

2.5.5 

IV. 

i( 

+ 

tt 

0.04 X 


o.so 

1.70 

2.60 


2.80 

V. 


+ 

it 

0.1 X 


o.so 

1.90 

2. SO 


3.10 

VI. 

n 

4- 

tt 

0.2 X 


o.so 

1.95 

3.10 


3.20 

VII. 

it 

-r 

HjPOi 

0.01 X 


o.so 

2.00 

3.20 


3.25 

VIII. 

It 

+ 


0.02 X 


o.so 

2.30 

3.60 

4.50 

3.70 

IX. 

tt 


tt 

0.04 X 


o.so 

2.75 

3.90 

4.90 

4.10 

X. 

tt 


tt 

0.1 X 


o.so 

2.70 

3.90 

4.50 

3.70 

XI. 

tt 

~r 

tt 

0.2 X 

■ 

o.so 

1.20 

1.20 

1.35 



4- OpHvmnt Concentration of Various Acids . — The results tabu- 
lated beloB'^ are in confirmation and extension of the work of 
Arinkm.'' 'ii\ ithin rough limits the strong acids accelerate best 
between concentrations of 0.04 and 0.02 x when added to a 20 
per cent liver digest. The less easily dissociated acids require 
higher concentrations for maximum effects. The eiddence there- 
fore points to the H' concentration as being the factor of chief 
importance. As a general rule the optimum H' concentration in 
such liver digests appears to be about Ph = 6.00, and filtrates 
or dialj-sates show a slight^ acid reaction to Congo red. 


TABLE IV. 


Acid. 

1 

Optimum 

concentration. 

Indicator reactions. 

HCl 

0.04-0.02 X 
0.02 X 
0.04 X 
0.1 -0.2 X 
0.1 X 
■ 0.04 X 

Congo red; slight. 

It 11 

11 11 “ , 

II 11 “ 

11 11 “ 

“ “ . “ 

H;SO< 

H,P04 )... 

KH.PO^ f 

Acetic 

Lactic 1 

\ 


® For many of the data in this experiment we are indebted toMissKath 
erine tV right of this laboratory-, in whose graduation thesis they appear- 
' Arinkln, M., Z. phijsiol. Chem., 1907, liii, 192. 
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II. The Effect of Kciitral and AUcaltnc Reaction. 

o. Iv;HP 04 . — This snll is iijjpioxiniately neutral to litmus. In 
distilled water a 1 per cent solution has a H‘ concentration of 
P,, = C.S5. It is thus .seen to be not far from the neutialit 3 >^ of 
wafer. Wiere prc«en( in an autoij'zing mixfure it will act as a 
buffer salt tending l6 maintain a constant IP level despite the 
normal formation of lactic acid In the tissue, yiiere small 
amounts are used the proportion of the acid phosphate foimed 
will be suflicicnt to allow digestion to go on, and litmus acidity 
to develop within 24 to 4S hours. Wheie large amounts of the 
salt are added the inhiViition of autolj>is is marked. A concen- 
tration of 1 per cent is .about as cflcctivc as that of 4 per cent. 

T\nLT; V. 


Beef Liter. 



0 

* 

D'\>s 

2 

5 

10 

Gnm 

I. Control 

0 70 


2 20 

2 SO 

3 10 


ir. “ -f K;HPO« 4 0 per cent . 

0 70 

m 1 

ilag 




III. “4- “ 2 0 “ 

0 70 


1 30 

fwil 

1 70 


IV. “ + “ OS 

0 70 


1 30 

1 60 

1 SO 


V. “4- “ 0 2 “ 

0 70 

1 20 

m 


2 45 


I. Control • 

0 40 


0 95 

1 15 

1 20 

0 80 

II. “ 4- KJIP04 2 0 per cent 

0 40 


0 70 

0 SO 

0 75 

0 35 

III. “4- “ 0 8 

0 40 





0 40 

IV. “4- “ 0 4 " 

0 40 


BEllI 


1 

0 GO 

V. “ q- “ 0 2 “ 

0 40 


0 85 


1 10 

0 70 

VI. “4- “0 OS “ 

0 40 


[ilafll 




VII. “4- “ 0 04 “ 

0 40 


0 95 

1 20 

1 25 

0 85 


Noteworthy is the difference between the two beef livers used- 
One digested normally three times as fast and as far as the other. 
We have frequently observed such large individual differences 
between livers of the same species as well as between the livers 
of different species. It should be noted too that some digestion 
goes on in both cases even with a large excess of the buffer salt 
present. That the inhibition is not caused by a toxic effect of 
the salt molecule on the enzyme is clear from the fact that in- 
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creasing the concentration from 1 to 4 per cent does not increase 
the inhibition. The mechanism of inhibition seems rather to 
concern the suppression of developing acidity in the mixture. 

6. CaCOj. — ^The presence of this salt diminishes the speed of 
the reaction and lowers the point of equilibrium to a small extent. 
The insoluble carbonate will neutralize the dex’-eloping lactic acid 
but will at the same time liberate an equivalent amount of CO*. 
Since the digestion bottles remain corijced, an acidit}' comparable 
to that of CO; will be the result. As has been shown, CO; bubbled 
into a normal digest where lactic acid is also developing unchecked 
will increase the digestion. In this case we find inliibition ex- 
pressive of the substitution of the weaker acid in the digest. 


TABUE VI. 

Beef Liver. Tannic Add Method. 



Daj-a. 

Gam 

0 

1 1 

3 

5 

10 

I. Control 

II. “ -f CaCOj 5 gm 

1 70 

1 so 

1 

3.10 

2 CO 

3 CO 

3 10 

1 

2 20 

1 50 


7. ilnCO; and CuCO;. — ^Manganous salts themselves e.xert no 
inhibitory effect upon the digestion of liver, but on the contrarj 
ma}' accelerate it. Copper salts, however, cause complete Iosj 
of actixuty. In these digests the insoluble manganous carbonate 
behaves much like the calcium salt, depressing the reaction 
slightly. Copper carbonate, hon'ever, allows no digestion to go 
on. Soluble copper salts are quickly formed in the mixture, as is 
indicated by the color of filtrates. 

TABLE XTI. 

Piff Liver. Tannic Acid Method. 



0 

3 

6 




1 to 



m 

II. “ -f MnCO, 5 gm 

2 60 

4.30 I 


III. “ -f CuCO, 5 “ 

1 40 

Hi 
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S. Colloidal rc(OII) 3 . — ^Tlic colloidal iron solution gave some 
acceleration in this case. The dialysate from it showed a H‘ 
concentration of = 6.1, which is hardly sufficient to account 
for the acceleration. In any case the .solution docs not effectively 
neutralize developing acidity in auj' of the concentrations used. 

TABI.n viu. 


Cig Liver. Tannic .laid .Method. 



0 

Da 

0 

ys‘ 

4 

ID 

Gain. 

I. Control 

0 90 

2 S2 

3 70 

4 40 

3 50 

ir. " -f O.o cc. solution.. 

1. 10 

3 to 

4 45 

5 20 

4 10 

irr. “ + 1,0 “ “ 

1 10 

3 75 

4.80 

G 00 

4 90 

IV. » J- j.O " “ ... 

1 15 

3 CO 

4 no 

4 90 

3 75 

V. “ + 10.0 " " 

0 SO 

3 SO 

3 CO 

4 00 

3 20 


9. ZnO . — The o.vidc was boiled with several volumes of water 
to remove any traces of soluble alkali. In the digests it prevents 
the development of acidity. Tlie mixture reacts neutral to lit- 
mus throughout. Digestion is almost completely stopped. The 
inhibition is not due to a toxic action of the zinc salts on the en- 
zjTne, since we have shown previously that zinc sulfate acceler- 
ates autolysis. As with the neutral phosphate, a slight autolysis 
eventually shows itself, although within a 5 day period it is too 
small to measure. 


TABLE IX. 


Pig Liver. Tannic Acid Method. 



Days. 

1 ' 

Gain. 


0 1 

1 1 

1 ^ 1 

5 

10 ■ 



1.00 



3 90 



II. “ ZnO 5 gm 

1.60 j 



1.60 


1 0 70 


■ngi 

! 

1 



10. NaHCOa.— Autolysis is inhibited by this salt in proportion 
to the concentration. The CO 2 liberated probably has some ef- 
fect in counteracting the alkalinity of the salt in the lower con- 
centrations. 
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Casein was dissolved in NaOH and neutralized to litmus. The 
H' concentration of this solution was found to be Ph = 6.47, or 
about that of normal liver digests after 1 or 2 days’ autoh’-sis. 

TABLE XII. 


Pig Liver. Tannic Acid Method. 




Days. 

Gain. 

Diges- 
tion of 
foreign 
protein. 



D 

n 

D 

5 

10 


I. 

Control 

1.70 

■1 


3.60 

3.90 

2.20 


II. 

“ -f CaCOj 5 gm 

1.80 

2.20 

2.60 

3.10 

3.30 

1.50 

- 

III. 

“ casein 

2.00 

7.10 

8.60 

9.00 

10.10 

8.10 

5.90 




IV. 

ICaCOjSgm... 

2.00 

6.20 

7.60 

8.00 

8.80 

6.80 

5.30 

V. 

** + peptone 

3.10 

6.40 

7.50 

7.60 

8.60 

5.50 

3.30 

VI. 





\cac05 

3.00 

6.30 

7.50 

8.30 

9.00 

0.00 

4.50 


There appear to be a very slight inhibition of casern digestion 
and an increased digestion of peptone. If the figures are analyzed 
to determine the rate of change, it Mali be found that casein di- 
gests more slowly during the first 24 hours in the presence of the 
earbonate, Mobile the peptone digests more rapidly. Under the 
same conditions the liver digests at about half its normal rate. 
The experiment shows a lack- of rmiformity in the effect produce 
upon the three digestible proteins — ^liver, casein, and peptone. 
This lack of uniformity will be foimd throughout the experiments 
which follow and constitutes a strong argument against activation 
of the enzyme as a determinative influence in autolysis. 

IS. Peptone xoith ZnO and Alkalies . — In this experiment luer 
digestion is reduced to about 25 per cent of its normal figure m 
the presence of ZnO; the digestion of peptone to about 60 per 
cent. In the presence of MgO liver is reduced to 20 per ewt o 
the normal, M’hile peptone is reduced to about 45 per cent, u ^r ^ 
there was insufficient Na 2 C 03 to maintain litmus neutra i } 
throughout The autolysis, liver digestion was reduced to 50 per 
cent of the normal M’hile peptone digested to 90 per cent o le 
normal. 
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TABLI: A.ni. 

Berf Liter. Tnnmc And Milhnd. 








Gain 

Diges- 
tion of 
forcicn 
protein. 



9 

1 

*> 

5 

0 

I. Control... 


9 

2 CO 

.3 10 


Dll 

2 so 


11. “ + ZnO 

1 GO 

1 10 


1 CO 


0 70 

— 

III. “ -i- MkO 


1 70 




0 GO 

— 

If. “ + poiitono 



0 70 

7 90 

0 00 

0 20 

3 40 

V. " + . 

peptone 

ZnO 




4 GO 

5 GO 

2 SO 

2 10 

VT « a- /I’l'Plone 

+ \mrO • 

VII. " + Xn:CO. 

1 

I 10 
1 00 

■1 00 
2 00 

1 00 

2 CO 

1 70 

3 00 

2 00 

1 40 

1 40 

VIII. " + 

peptone 

,Xn;C03 

.3 00 

G 00 



7 40 

4 40 

3 00 


ARain if we determine tlic rate it is found that in the first 24 
hours there is no digestion of liver with ZnO and MgO. Under 
the .>!anie conditions peptone digests at 50 per cent of its normal 
rate. With the carbonate present the rate of liver digestion is 
about 30 per cent of the normal, while the peptone digests at full 
normal rate. 

14 . Casein with ZnO and MgO. — In the presence of the oxides, 
liver shows no dige'^tion in a 5 day period. With ZnO casein is 
reduced to 30 per cent of its normal rate in the first 24 hours, 
with jMgO to 17 per cent. The I'ate of liver digestion is zero. 
In order to eliminate the error which might result from hj'^droly- 


TABLE xrv. 

Beef Liver. Tannic Method. 






Days 

Gam 

Diges- 
tion of 
foreign 













0 

1 

3 

5 


protein 

I. Control 




m 

5 55 


3 40 

— 

11. 

(( 

+ ZnO 



2 00 

220 

0 00 

— 

III. 

It 

+ MgO 



2 40 



- 

IV. 

H 

+ casein 


8 SO 

0 50 

mm 

7 50 

4 10 

V. 


+ 1 

casein 








ZnO 

2 30 

3 50 



2 00 

2 00 

VI. 

u 


casein 

MgO 

2 30 

3 00 

3 15 

3 10 

0 90 

0 90 
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sis of the foreign proteins by the alkali alone we have digested 
casein and peptone with ZnO and MgO at the same temperature 
and for the same length of time. No hydrolysis occurs. 

15. Casein and NaOH. — ^Progressive additions of NaOH pro- 
duce the graded inhibition of liver autolysis reported in Table XI. 
The effect of the alkali upon casein digestion is quite otherwise. 
Even in the higher concentrations of the hydroxide casein digests 
better than in the normal control. 

16. Peptone and NaOH. — ^In a single experiment sufficient 
NaOH was added to reduce liver autolysis' to 60 per cent of the 
normal. Peptone digested slightly better than in the normal. 

17. Casein and K 2 HPO 4 . — ^Adding progressive amounts of the 
salt, as in Table V, with and without casein, we find parallel inhi- 
bition of both liver and casein digestion. 

18. Casein and NaHCOs. — -With varying amounts of the salt, 
sufficient to reduce liver digestion to less than 50 .per cent of the 
normal amount, casein digested better than in the normal, ex- 
cept in the highest salt concentration of 2 per cent. 

19. Gelatin and NaHCOa. — ^The digestion of gelatin which oc- 
curs in the normal liver mixture is inhibited by the addition of 
the salt, but to a less extent. 


TABLE XV. 
Beef Liver. 





Daj"s. 

Gain. 





I 

3 

5 

10 


I. 

Oont rol 




2.35 

3.10 



II. 

/ “ 




EBB 

5.25 

5.75 

4.95 

III. 

IV. 

V. 

i “ 

-f NaHCOs 2 gtn.. . 


m 

m 

1.65 

I. So 

1.35 


iNaHCO, 2 “.. 
-f NaHCO 5 “ . . 


1 

3.25 

1.30 

1.60 

i 


VI. 

Ai_ 

\NaHCO 35 “... 


2.10 

2.75 

2.95 

3.25 

2.4a 1 


Di!?."; 

tionpi 


2.05 

l.M 

1.45 


It is\f interest to note that in this liver gelatin digests a 
identicM'^rate in the three mixtures for the first 24 
the begVning of autob’^sis, therefore, the rate was t le 
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whether the salt was present or not. TIio following analyses of 
the data will ilhistrate this point : 

Control Riiins l.SO rr. clurinp the first 21 hours. 

Control + Rohitin pnins 2.50 cc. 

Gelatin .alone (ditTcronce) 0.70 cc. 

Salt mixture (2 ptn.) pains O.SO ce. 

.Salt mixture + pclatin pains 1.50 cc. 

Gelatin alone 0.70 cc. 

Salt mixture (5 pm.) pains O.CO cc. 

S.alt mixture + gelatin gains 1.30 cc. 

Gelatin alone 0.70 cc. 

This point we wish to emphasize because it clearly shows that 
the normal and alkaline liver mixtures arc equally active as judged 
by the speed of gelatin digestion during the c.arly period of the 
reaction, when differences in speed would be readily recognized. 
Since the amount of gelatin added w.as the same in each case, 
equal rates of digc.«tion indicate equal amounts of enzjanc, or 
equal activitj' of cnziTUc. As far as the experiment goes it tends 
to neg.ate a change in acti\ity of the enz 5 'me which digests gela- 
tin, even in the presence of considerable bicarbonate. Since gela- 
tin is a rather non-.specific type of protein, digesting in most pro- 
tease solutions, it seems fair to conclude that the same enzjTue 
which digc.sts the gelatin also digests the liver proteins. If this 
a.ssumption is correct, there is no indication of loss of enzyme 
actmty even at the low H' level of this cxqreriment. 

20. NaOH and Hemoglobin . — ^Dog hemoglobin was found to 
digest slowly in an autolyzing liver. The addition of NaOH 
(25 cc. 0.2 N solution in 250 cc. liver mi.xture) inhibited the diges- 
tion of liver and of hemoglobin equall 3 ^ A powdered fibrin pre- 
paration was found not to digest in either case. 

In summarizing the effect of varjdng reaction of the liver mix- 
tures upon the digestion of foreign proteins, it is clear that no 
paralleli.sm has been found. Digestion of liver may be almost 
completely stopped by a salt which even accelerates the diges- 
tion of casein by the liver. Peptone may digest at its normal rate 
in a liver which is reduced to half its normal speed of autolysis 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXV, KO. 2 
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by the reaction. Gelatin may digest at normal speed in a mix- 
ture which reduces the speed of liver digestion to a third of the 
normal. Hemoglobin ma3’’ show equal inhibition mth liver. 
Acids which cause liver to digest much more rapidly and com- 
pletety do not alter the rate of digestion of casein and peptone. 
Such variations do not indicate such a common factor as the ac- 
tixdtj’- of an enzjmie. They rather indicate that the various pro- 
teins used, including the liver proteins, may or maj'- not be al- 
tered bj' the presence of acids or salts or alkalies in the same 
direction or to the same extent. 

From the spleen Hedin“ isolated two enzymes, a and pro- 
teases, active in alkaline and acid media respectively. If ve as- ' 
sume that the liver contains these enzjnnes in significant amounts 
also, then it is apparent that the a protease is of no moment in 
the autolj'sis. since under conditions of neutrality or alkalinity 
there is practically nothing to digest. Nor does the possible ac- 
tivation of the 13 protease appear at all determinative in autoly- 
sis since the enzynre appeal's to be fully active at a H' level at 
which there is little or no available protein substratum. The ef- 
fect of reaction upon liver autolysis may be broadly'’ stated as 
follows; 

1. The progressive addition of alkali, or of salts like NaHCOj 
and K2HPO4, reduces the normal rate and extent of liver auto- 
lysis in rough proportionality' to the amount added, until com- 
plete or nearly' complete inhibition results. 

2. The progressive addition of acids and acid salts leads to an 
increase in the rate and extent of liver autolysis in rough propor- 


tionality' to the amount added. 

3. In progressive alterations of reaction from faint alkalimi} 
to litmus to /an acidity which may be just recognized by' Congo 
red, and in^these experiments amounts to a 0.04 N solution, vc 
may' pa-^ frbm zero digestion (or a low minimum figure) to J 
per cen'. of tlie total protein of the tissue, and this would approx'- 
mate 100 p/r cent digestion if the connective tissue fraction cou 


be eliminated. 

4. Such progressive alterations of the speed of digestion and f m 
point of equilibrium do not appear to be correlated with any 


" Hedih, S. G., J. Physiol., 1903-04, XXX, 155. 
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ic^l)oncIinc cliansio in enyyinp activity, os tncasutcd by (he diyes- 
iwii of forciqu piotcnt’!. 

.■5. Such ]ii opi c'-'-ivc alt Cl at Kills of speed anti equilibrium aic of 
ju‘^t the tjqic luoduccd by )uopicssi\c chaiipcs in the mass of 
.suhstratum in the dipcst. 

We theicforc com hide that the effect of icactiou 111 a hvei di- 
gest is to alt Cl the liver piotciiis, iiici casing 01 dcci casing the mass 
of available .siibstiatnin as the icaction becomes inoie 01 less acid. 
Soon aftci death the noimal livei is foiiiul to give a dial3'sate mth 
a H" concentration avei aging about P„ = 7 00 At the moment 
of death it is probabl.v iinicli lovei and apinoMinatcs the icaction 
of blood, P„ = 7.40-7. SO. At these le\els little 01 no antol3"sis 
takes jilacc. Unless iirevcnted, the development of acid is vei3' 
rapid and produces a lapid rise in the H', as Morae has iecentl3'' 
.shonn.'- Such an incieasc will dcteinimc the amount of actual 
substratum that becomes available m the noimal hvci foi auto- 
l3lic protcoK'sis. We feel confident in asseitmg that the vaiia- 
tioiis which one finds in the noimal .aiitoh’sis of vaiious hvcis wall 
he found to corrcsjiond to the amount of acid pioduccd. Foi e\- 
aitiplc. the liver of a rabbit is as a lule slow to aufol3'ze and 
leaches a low ]ioint of cquilibiium noimalh The livei of a dog, 
on the othei hand, digests moie iapidl3' ami to a liighei amino- 
acid level. The individual dilTeiences can be made to disappeai, 
how'cvcr, I13' aitificiall3' contiolling the acidit3'. Thus rabbit 
liver m.a3' be made to digest like dog livei Iw adding the pioper 
amount of acid, and dog livei can be 1 educed in its diges- 
tion to that of rabbit livei 1)3' the addition of the propei amount 
of K0HPO4. The labbit livei piobably pi oduces on the average 
less acid than docs that of the dog The evtent of individual 
variations in the same species ma3’- be quite laige. In Fig 1 are 
shown the limiting vaiiations and the mean of eight dog livei s 
— all apparentl3’' noimal. Seven of the eight curves fell W'ithin 
the limits of 1 and 2. The cuive of the eighth dog liver is No. 3 
and is evidently abnoinial, though the dog wms appaientty per- 
fectly normal and the hvci, to outw'aid appearances, w'as so. 


’’ Morse, M , J. Biol Chem , 1916, xviv, 163 
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D/^*S 0 2. 4 6 8 10 

Fig. 1. 


The shift from non-available proteins to available is evident } 
a reversible reaction depending for its equilibrium upon the 
concentration of the cell at the given moment. The non-aiai- 
able protein fraction may be a protein salt, or a poljTnerized pro 
tein aggregate of large size. It is well knowm that many po > 
merizations are facilitated by an alkaline reaction. The a\ai 
able protein fraction may be a dissociated protein salt, or a more 
highty dispersed colloid. The charge on the colloid particles maj 
determine availability. Without wishing to commit ourse vt? 
to just what molecular changes are involved in the shift from on ^ 
tj-pe to the other with a change in the H' concentration, 
to illustrate by the following diagram what we conceive o 
the relationships existing in a liver cell. 
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acids would increase within the cell and diffuse into blood and 
lymph. It is well loiown that nitrogen elimination is increased 
in severe acidosis. 

During starvation the acidosis which appears after a variable 
fore-period, and is believed to be associated with imperfect fat 
combustion, is correlated with increased nitrogen elimination. 
The mobilization of tissue proteins in the form of amino-acids 
maj'^ indeed depend upon; or be facilitated by this shift in the 
salt balance of blood and tissues toward a higher H‘ level. Scbry- 
ver's points out that the loss in weight by the Uver and spleen 
during starvation is unusually large. Both of these organs are 
very sensitive to a change in the H' concentration, as shown by 
autolysis. 

In local areas diminished blood supply leads to partial asplyxia. 
poor removal and neutralization of CO2 and acid products of in- 
complete combustion. In such local areas we find atrophy, 
shrinkage, or vacuolation of the cells, changes in the staining re- 
actions — all expressive of autolysis and associated with the shift 
in the available proteins of the cell caused by shift in acidity. 
Such atrophy may be induced experimentally by ligation of ar- 
teries, by embolism, or by thrombosis. 

The presence in the cell of anj'^ substance preventing the normal 
oxidations should lead to the formation of intermediate acid pro- 
ducts. Phosphorus, a powerful reducing agent and itself oxidiz- 
ing under certain conditions to a strong acid, is well known for 
its disintegi’ating effect upon the Mver.’^ We believe that part of 
the effectiveness of phosphorus in producing rapid degeneration 
of the liver is due,^to the production of small amounts of phos- 
phoric acid wdthin the cells themselves, as well as to the prevention 
of normal oxidations of the cell substances so that the production 
of organic acids results. At least it is suggestive that phosphorus 
has little accelerating effect on a liver autoly'sis unless oxygen ic 
admitted to the digest. We expect to present further data on 


this point later. 

Graham*® believes that chloroform poisoning 
formation of HCl within the liver cells with a rise 


results in the 
in the H' con- 


” Schryver, S. B., Biocliem. J., 190G, i, 123. 
u Jacoby, M., Z. physiol. Chem., 1900, xxx, 174. 
Graham, E. A., J. Exp. Med., 1915, xxii, 4S. 
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tent ns shown by iiulientors. Such n rise would increase the 
available substratum and cause autolysis. Acute atrophy of the 
liver is characteristic of chloroform poisonintj. 

Prc.'sure on an orpan leads to cuttinp down the blood and lymph 
flow within the comiirc.^scd area. Partial asphy.via in such an 
area leading to the accumulation of acid products would thus in- 
crease autolysis and Icjul to the well known j)ressurc atrophies. 
Pressure and alteration of the blood su])ply probably cause the 
atrophy of the mammary gland after lactation, by the same 
niech.anism. 

Alterations in the blood supidy of the uterus after iiarturition 
probably cause a shift toward acidity in the cells and thus a change 
in the proteins rc.sidting in the rapid atrophy of that organ. Al- 
though we have not as yet studied the effect of increased acidity 
on the autolj’sis of the uterus it will in all probability be found 
to react as docs the liver, though to a less marked degree. 

In the rapidly growing tumors, especially carcinomata, we find 
the mass of cells outgrowing the blood supply, or by compression 
changing it to certain areas of the tumor. Such rapidly growing 
tissues arc especially liable, to necrosis and c.Ktensivc autolysis. 
The onset and the extent of this autolysis is probably determined 
by partial asphj'xia of masses of cells, accumulation of acid pro- 
ducts, the shift in the proteins, and their consequent digestion. 

Hj'pertrophy itself seems, as a rule, to be conditioned by an 
increased blood supply. Such an increase would insure complete 
oxidation, removal of CO 2 , neutralization of organic acids if any 
formed, and a constantl 3 ’ renewed sujrpl.y of the phos]5hate mix- 
ture of the blood. The salt balance of the cells would therefore 
tend to remain approximatclj'^ that of the blood, with a H' con- 
centration^ of P„ = 7.4-7.8. Such a condition would reduce 
autolj'.sis to a minimum bj^ converting all the available proteins 
into the reserve type. If more of the available tj'pe were .sjmthe- 
sized more of 'the reserve fraction would accumulate. The ten- 
dency would therefore be to increase the cell proteins to the 
maximum, and the result would be a simple hypertroph 3 ^ In 
certain tissues this might be accompanied 1 ) 3 '' cell division and a 
numerical hypertrophy as well. One of the important factors 
limiting this process of growth or hypertrophy will be the rela- 
tion of the tissue to its blood suppl 3 '' — governed automatically by 
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the H' level maintained in the tissue and its effect on the active 
masses of substratum in the cells. A point is eventually reached 
where further additions to the tissue mass must constitute an ex- 
cess of demand over supply of oxygen, or mechanically prevent 
adequate movement of lymph and blood. A condition of equihb- 
rium is the result, such that further tendency to growth is coun- 
terbalanced by a rising of the H’ level in some of the cells least 
favorably located in relation to the blood, with consequent ten- 
dency toward autolysis, and shrinkage. 

Hypertrophy, atrophy, and maintenance of tissue mass are, we 
believe, governed by some such fundamental mechanism as we 
have described. Innumerable complicating factors must inter- 
vene to modify the final condition of a tissue, its rate and direc- 
tion of change; but it seems likely that in all such tissues as are 
sensitive to increased acidity and respond by increased autolysis, 
the determining mechanism is the one described above for the 
fiver. 

STOEUAET. < 

1 . Progressive changes in the reaction of autolyzing fiver tis- 
sue, from an alkalinity expressed by Ph = 7.4 to the optimum 
acidity of P„ = 6.0 (measured in the dialysate), cause proportionate 
changes in the rate and extent of autolysis from nearlj’^ zero to 90 
per cent digestion. 

2. Under these same conditions of varied reaction certain for- 
eign proteins digest without indicating any change which cou 
be interpreted as an activation of an enzyme. 

3. The effect of such changes in the reaction of the tissue is 
to alter the mass of digestible protein present in the fiver from 
nearly zero, when alkaline, to nearty complete digestibility at an 
acidity of P^ = 6.0. 

4. A tentative working hypothesis based upon these facts is 
presented and applied to a number of well known conditions 
which involve autotysis or the reverse process of h3'pertroph} m 
the living organism. 

5. Atrophjs, involution, necrosis, hj’-pertrophy, and tissue equii 
rium in such tissues as re.spond to increased acidity by mere - 
autolysis, appear to depend upon the mechanism described as^^ 
fundamental importance in determining the direction, rate, an 
extent of tissue change. 
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(Received for publication, .April 11, 191G.) 

The subject of these studies is .in intelligent patient under the 
care of Dr. C. H. SchofT, of Media, Pa., who supplied the follow- 
ing summary of the history.’ 

J. E. L. Arc 52. White. Male. Childhood unimportant. When 2Q 
ho began to lose weight and after a short period of ill health had a hemor- 
rhage from the lungs. .After 2 years in the West he entirely regained weight 
and health. 4 years ago he commenced having attacks of bronchitis ac- 
companied by severe shootiiw; and aching pains in the back and legs. The 
last severe attack of these pains commenced in February, 1915, and con- 
tinued for several months. In April of that year Bence-Jones protein was 
first discovered in the urine. There were at times cough and expectoration, 
but never tubercle bacilli in the sputum. A few of the latter were at 
one period said by another observer to be found in the urine, but this could 
never aftera’ards bo confirmed. Marked anemia, red corpuscles 2,000,000, 
and hemoglobin -lO to 50 per cent. Great prostration. Weight reduced 
from a normal of about 150 pounds to 120 pounds. Considerable protein- 
uria. Since la.st autumn the patient has gradually improved, and at pres- 
ent, March 1, 1910, his weight has become practically normal; red corpuscles 
4,000,000. He has now no acute pain in the back or legs, but sometimes 
slight achini and stiffness. Ho can walk some distance, but still has a feel- 
ing of weakness. Protein excretion still marked, hyaline and a few granu- 
lar casts, not much improvement of vision (diagnosis by a specialist, paral- 
ysis of optic nerve). X-ray findings both of spine and long bones have al- 
ways been entirely normal. 

The urine has been uniform, of normal appearance except for 
the exaggerated foam formation upon slight shaking, and with 
marked acid reaction (litmus). The total protein was w'eighed 
from time to time and has also been rather constant, fluctuating 
between 23 and 30 gm. daih'. 

’ A discussion of the clinical features of this case will be published shortly 
by Dr. Schoff. / 
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Heat Reactions . — ^Wlien the urine at natural reaction is heated 
coagulation commences at about 55°, and proceeds rapidly as the 
temperature passes this point. There is no apparent tendency to 
decrease until the boiling point is almost reached (97° or 98°) 
when a slight lightening of the density is sometimes to be noticed. 
As the liquid begins to boil, further clearing is observed, and 
when boiling has continued for a few seconds nearly all the pro- 
tein is redissolved. Upon cooling, the protein commences to re- 
precipitate as soon as the temperature has been lowered a few 
degrees, and finally becomes as dense as before; this can be re- 
peated indefinitelj''. It is clear that we have to do with the so called 
Bence-Jones protein. In order to observe the above in t 3 "pical 
form it is necessary to dilute the urine, which is best done by add- 
ing normal urine. If the dilution is made with water the protein 
will often redissolve badly unless a salt or, better, a few crystals 
of urea^ are added. If the urine is heated at its natural concen- 
tration some of the protein will be precipitated in elastic clumps 
(the 3 ’' can be drawn out to form bundles /)f coarse threads), which 
tend to adhere to the sides of the vessel or float on the surface and 
do not again dissolve. These clumps have also been described 
by Magnus-Lev 3 ".- Blien the Bence-Jones urine is diluted the 
precipitate is fine and milk 3 ’’, going in and out of solution with 
ease. 

The addition to the native urine of one drop of 50 per cent 
acetic acid to 10 cc. of urine, prevents the formation of the clumps 
and causes the solution at boiling and reprecipitation on cooling 
to be much more clearly manifested. That this may be associa- 
ted with some such action as acid-albumin formation is sug- 
gested b 3 " the following experiment. 

tVe heated in the -natcr hath at 52° for 10 minutes urine to which had been 
added one drop of 20 per cent acetic acid for each 10 cc. In order to obtain 
a maximum surface and so insure prompt heating, the urine was dividei 
among a number of test-tubes. Xo apparent change was produced. 

The temperature of the bath was then raised to 56° for 10 minutes, vd ' 
the result of a heavy white curdy precipitate. This was filtered ofi, and o 
this filtrate, A, one part was diluted with three parts normal urine an 
heated over the flame. This produced a heav 3 ' white opacif 3 ' which lars® 1 
disappears on boiling, and upon the addition of some urea almost cn ir . 

- Magnus-Levj', k., Z. physiol. Chem., 1900, sx.x, 200. 
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disappears; in eitlier case it reappears when the liquid eools, and aRain dis- 
appears U])on hoiliiiR. 

The remainder of the Tdlrale A was put bark in the water tiath at 00° for 
10 inimites. llesiilt, heavy wliite enrdy precipitate. It was filtered, and 
of this filtrate, H, one part was diluted with three parts normal urine and 
heated over the Ilame. This prodneed a moderate white opacity, which 
disappeared almost entirely ui)on boiliiiR and reappeared on coolinp. 

The remainder of the filtrate 11 was apain heated in the water bath, this 
time at 01° for 12 minutes. Hesult, moderately heavy white curdy precip- 
itate. This was filtered, and of this filtrate. C, a portion diluted ns before 
was heated over the flame. This produced a slipht opacity, which disap- 
peared almost entirely upon boilim:, and reappeared on coolinp. 

The remainder of filtrate C was heated in the bath at 0S° for 15 minutes. 
Result, slipht white curdy iirecipitalc. This was filtered, and of this fil- 
trate, D, a portion without dilution was heated over the flame. The result 
was a slipht opalcseence, jiart of which disappeared upon boilinp and re- 
turned on eoolinp.’ 

The rest of filtrate D was heated in the bath at 72° for 15 minutes. Re- 
sult, slipht opalescence. The filtrate, which even after repeatedly passing 
throiiph the filter remained opalescent, was heated without dilution over 
the flame. Result, no change. 

Under the conditions of the above experiment there is a con- 
tinued precipitation from the temperature at which the Bence- 
Jones protein commences to come out up to the coagulation point 
of serum protein. This ma3' be explained citlier by assuming 
that the Bence-Jones protein is composed of various fractions 
with different coagulation imints, at least with different rapidity 
of precipitation; or, on the other hand, that the continued action 
of the acid had resulted in gradual change of the oi'der of acid- 
albumin formation. We therefore made the following experiment. 

Four tubes confaininp, respectively, 10 ce. of urine, 10 cc. of urine -b 1 
drop of 20 per cent acetic acid, 10 cc. of urine + 2 drops of acid, and 10 cc. 
of urine -f- .3 drops of acid, and a control tube of 10 cc. of nephritic urine 
(rich in albumin but apparently free from Bence-Jones protein) I drop 
of the above acid, were placed in a water bath at G0° for hours. The 
Bence-Jones tubes commenced to precipitate in the order 2, 3, 1, 0 (referred 
to by the acid content), following each other at intervals of 15 seconds to 1 
minute. Soon all showed a heavy white curdy precipitate, the tubes appear- 


’ In order to make a certain judgment with these slight degrees of opal- 
escence, the tube of urine is brought to boiling and then, avoiding shaking, 
the lower end (2 cm.) is held under the cold water tap, which permits of 
easy comparison between the hot and cold fluid. 
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ing almost solid. The control tube clouded slightly, and finally showed 
a very slight flocculent precipitate. At the end of the time the contents 
of all of the tubes were filtered and the respective filtrates heated over the 
flame. The filtrate from Tube 0 showed onlj' slight opalescence, which was 
hardly affected by boiling. The same was true of Tube 1, although this 
was slightly decreased by boiling. These two filtrates also gave only mod- 
erate reactions with the Roberts test. The filtrate from Tube 2 showed 
marked opalescence, which nearly all disappeared upon boiling. The fil- 
trate from Tube 3 gave a much heavier opalescence amounting almost to 
opacity, and this also was nearly all redissolved upon boiling. In both of 
these the original density returned on cooling. The filtrate from the con- 
trol tube gave a considerable precipitate which showed no tendency to rc- 
dissolve upon boiling. 

It seems evident, therefore, that heating the Bence-Jones pro- 
tein with even very moderate quantities of acetic acid is capable 
of effecting a change in the nature of the protein such that the 
temperature at which it coagulates is raised; but this in no way 
interferes with its characteristic behavior in regard to going uifo 
solution by boiling and reprecipitating on cooling. 

■ Salt Reactions . — At the natvural reaction of the urine one volume 
of saturated solution of ammonium sulfate added to one volume 
of urine causes incomplete precipitation, while two volumes cause 
complete precipitation. 

Saturation with magnesium sulfate causes a considerable but 
not complete precipitation. This is opposed to the findings of 
most other writers, but ViUe and Derrien'* found that satiuation 
with magnesium sulfate precipitated all the protein. "When the 
urine is strongly acidified with acetic acid all the protein is prc 
cipitated by adding three volumes of a saturated solution of mag- 
nesium sulfate to one volume of urine. 

If the urine at natm'al reaction be saturated with sodium sulfate, 
a large but not complete precipitation occurs. If a twice cold sa 
mated solution of sodium sulfate be made up with hot water an 
allowed to cool almost to room temperature, it wall be some time 
before the excess crystallizes out; if before this takes place one 
volume of the solution is added to an equal volume of urine con^ 
taining a considerable amount of acetic acid, the precipitation^a 
complete. Ammonium sulfate has the tendency to 
pigment from the urine along with the protein; but sodium s 

' "’"le, J., and Dorrien, E., Compl. rend. Soc. biol., 190“, Iw’, 
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fate has little action on the pipnents, and the protein when 
washed is pure white. The difliculty mentioned by Boggs and 
Guthrie^ in obtaining a pigment-free precipitate is thus avoided. 

If the urine at natural reaction is saturated with sodium chlor- 
ide a slight oji.alescence results, but half saturation produces no 
cfTcct. However, if sufliciont acetic acid is added, precipitation 
is complete. Thus: 


Urine 

.W per cent acetic acid . ‘ . 
Saturated solution NaCl 

Urine 

oO per cent acetic aeiil 
Saturated solution XaCI . 


too parts! Gradual and 
S “1 incomplete 
lOS “ J precipitation. 

100 “ ! Prompt and 

00 “ > comi)loto 

120 “ J precipitation. 


IiMien the clear filtrate from this last precipitation is added to 
an equal volume of Bence-Jones urine only a slight precipitate 
is caused; but if more acetic acid is added heavy precipitation 
occurs at once. It would seem that a large amount of acid is 
fixed in breaking uj) some alkaline combination in which the pro- 
tein is normallj' found, and that most salts precipitate it quanti- 
tatively only after this decomposition has been effected. 

Spiegler’s solution, Roberts’ reagent, and acetic acid and ferro- 
ej’anide all cause immediate heavy precipitation when used with 
the native urine; and all arc capable of indicating minute traces 
of this protein. This is of course what would be expected, and is 
mentioned only because of the fact found by Folin and Denis® 
that the Bence-Jones protein gave no precipitate with acetic 
acid and ferrocyanide except after long standing. 

Acids . — Concentrated sulfuric, nitric, and hydrochloric acids 
added drop by drop cause a heavy white curdy precipitate, in- 
soluble in moderate excess of the acid. A large excess causes so- 
lution by destruetion, which is indicated by the change of color 
in the case of the sulfuric and nitric acids. Acetic acid added 
drop by drop may at first cause a very slight cloudiness (often 
entirely absent — nucleoprotein) which disappears upon adding a 
little more acid. Citric acid causes no cloudiness. 


' Boggs, T. R., and Guthrie^ C. G., A7n. J. Med. Sc., 1912, cxliv, 803. 
* Folin, O., and Denis, W., J. Biol. Chon., 1914, xviii, 277. 
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Urine diluted with two parts of water and treated with a small 
amount of either of the three mineral acids mentioned gives a 
dense white precipitate which dissolves upon boiling and reprecip- 
itates upon cooling. 

This solvent power of hot acids furnishes a satisfactory means 
of distinguishing between normal serum- and Eence-Jones pro- 
tein. To a test-tube containing a few cc. of the urine to be 
examined is added a drop of concentrated nitric acid.' This 
produces a white cloud or white curdy precipitate according to 
the amount of protein present; if a heav 3 ' curd is formed the 
urine should be diluted with water. Upon shaldng, the precipi- 
tate disappears. Continue adding the acid drop by drop, shaking 
between each addition, until the precipitate or cloud no longer 
dissolves, then add one or two drops more. The contents of the 
tube are now brought to boiling. If the precipitate is Eence- 
Jones protein it will quicklj’- dissolve, and upon cooling repre- 
cipitates with the same white appearance as before; and tins 
solution and precipitation can be repeated. If, on the other 
hand, the precipitate is due to normal serum protein it does not 
dissolve on boiling, but assumes the form of discrete flocks of a 
dirty jmEovdsh or brownish color, not affected by cooling and 
not resembling in any way the white Bence-Jones precipitate. 

Precipitation with HCl has been recommended as a specific test 
for Bence-Jones protein in the urine by Bradshaw^ who states 
that albumin does not give this reaction unless present in vcr} 
large amounts. Using strong HCl he assigns the limit of sen- 
sitiveness to Bence-Jones protein as 0.05 per cent, but appar- 
entlj^ did not ascertain the percentage of serum protein that can 
be present without reacting. Bj-^ a number of trials we fonnc 
that the best differentiation occurs when; (1) the percentage o 
proteins is small; (2) the acid is comparatively weak, about 1 to 
20 or 25 ; (3) when dilute acid is used, because if strong acid j- 
added there is likely to be an immediate, more or less irrevcrsi e 
precipitation vdth either protein at the point of contact; (4) o 
mixtui’e of urine and acid must be allowed to stand for a dcfini e 
time, since eventually either protein will come down more or 
completety. 


• Bradshaw, T. R., Bril. Hied. J., 1906. ii, 1442. 
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In accordance with (licpc principles the following method of 
testing was adopted. The dilute hydrochloric acid used con- 
sisted of concentrated acid one part, water three parts. In maldng 
tile test the tube was well shaken after each addition, and after 
the acid was added was allowed to stand 1 minute before observing. 


Xormal urine 

Xorm.al dop spnini 

IICl (diluted) 


ec^ 

1 

0.25 1 Xo reaction. 

1 J 


Xomi.al urine 5 

.''cruin 0.5 

nCl (diluted) 1 


Xo reaction or doubtful. 


Xonnal urine 5 1 

Serum I 1 Doubtful or very faint. 

IICl (diluted) 1 j 


Xormal urine. 

Scrum 

HCl (diluted) 


I Very faint opalesoenoe. 


Even the last test was so faint that it would probably bo re- 
jected; but calling it positive, and assuming 6.5 per cent as the 
total protein content of the dog serum, the least amount of serum 
protein which will react with this test is 0.13 gm. protein or 1.86 
per cent. 

Testing now with Bence-Jones protein: 


Xormal urine 


Bcncc-.Tonc.s urine (2.7 
HCl (diluted) 


per •’‘'ntl 


cc. 

“ I 

0 251 Faint opalescence. 

1 


Xormal urine -5 

Bonce-.Iones urine (2.7 percent). . 0.5 
HCl (diluted) 1 


Well marked opalescence. 


The first of these two tests is somewhat clearer than the last 
of the previous series. However, to be on the safe side, if the 
second test be taken as the limit then the content is 0.013 gin. 
protein; thus, urine with 0.23 per cent Bence-Jones protein will 
react in this test. It is evident that this reaction is at least eight 
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times more sensitive for the latter than for the blood proteins. 
The ring test as described by Bradshaw although far more sensi- 
tive is less specific. 

Besides the above hydrochloric acid test, we have found that 
lead acetate and zinc sulfate each have in the presence of acetic 
acid and under certain conditions power of differential precipi- 
tation between Bence-Jones protein and serum proteins. How- 
ever, this action seems to depend upon so many factors that we 
have not so far succeeded in working out a practicable method of 
using these salts to distinguish between the proteins. 

From a review of these reactions, especially the conduct with 
heat, where there is nearly always failure to obtain a quite com- 
plete re-solution upon boiling, we are inclined to believe that as- 
sociated wdth the Bence-Jones protein is a small amount of serum 
protein; this conclusion is supported by the fact that a few casts 
are usually to be found upon centrifugation. 

Separation of the Protein . — ^To each 100 cc. of filtered urine are 
added 20 cc. of 50 per cent acetic acid, and 120 cc. of a twice cold 
saturated and still slightly warm solution of sodium sulfate. This 
is stirred, allowed to stand about 20 minutes, and filtered with 
suction, using hardened paper. When the surface is dry the pre- 
cipitate is w'ashed three times wdth a cold saturated solution of 
sodium sulfate well acidulated with acetic acid. As soon as dry 
from the last wash solution, but while still pasty, it is scraped off 


from the paper and rubbed up in a dish to a thin milky suspension 
with 95 per cent alcohol. This rubbing is lightly done and the 
suspension is kept very fluid so as to leave behind as much of the 
sulfate as possible. From time to time the milky fluid is poured 
off into centrifuge tubes, a fresh portion of alcohol added to the 
dish, and the rubbing continued, always pouring off and renewmg 


the alcohol before the suspension becomes rich enough, to give 
the suggestion of cream. In this w'ay the protein is graduallj 
removed from the dish, together with some sulfate. Toward the 
end of the process the contents of the dish will be found to fee 
distinctly gritty from the sulfate crystals, and the operation shoul 
then be interrupted and the remainder discarded. The tubes are 
then centrifuged, the supernatant liquid is poured off, the tubK 
are filled with absolute alcohol, thoroughly stirred, and again 


\ 
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centrifuged. This alcohol is poured off and the washing process 
repeated. Then the protein is wa.shed in the same manner once 
with a mixture of equal parts of absolute alcohol and ether, then 
twice with ether; finally it is collected on a filter of hardened paper 
and allowed to dry. Upon slight rubbing this protein will crumble 
to a ' fine white mobile powder, non-hygroscopic, scarcely soluble 
in water, but readily soluble in water or Ringer’s solution when 
these are made slightly alkaline by dilute NaOH. In order to 
remove the remaining sulfate the dry protein is suspended in a 
large proportion of slightly warm distilled water in centrifuge 
tubes, stirred for a few minutes, and centrifuged. The wash 
water is then decanted from the protein, the alkaline water or 
other solvent poured in, and solution effected bj' stirring. Before 
dissolving, the washing with distilled water maj’- be repeated,, 
but this we usually omitted; if it be desired to obtain a strictlj'' 
salt-free product this method should be replaced bj' dialysis. 

TTlien weak acetic acid is slowl}' added to a dilute slightly alka- 
line solution of the protein, some precipitation occurs at neutral- 
ity, which, however, readily redissolves upon the addition of a 
little more acid. 

In alkaline solution the protein (like the native urine made al- 
kaline) does not give the regular heat reaction. A solution of the 
protein with a verj’’ slight excess of acetic acid gives the reactions 
already described for native urine except that it does not coagu- 
late upon heating. This is due to the absence of salts, for if a 
little sodium chloride is added, or especially if one or two volumes 
of normal urine are added to one volume of the protein solution, 
the typical heat behavior is fully restored.® It is therefore safe 
to assume that no material denaturation has been caused by tins 
method of preparation. This conclusion is fully confirmed by 
the biological results described later. 

For the purpose of estimating the protein, the simple heat pre- 
cipitation in centrifuge tubes as described by Folin and Denis® 
(but with the use of only a trace of acetic acid) is very convenient. 

® For the purpose of demonstration the protein may simply be suspended 
in normal urine of acid reaction, which is then boiled; whereupon the sus- 
pended particles promptly go into solution, with, again, a reproduction of 
the native Bence-Jones urine. 
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Preparing a Protein-Free Urine . — ^For subsequent wo^k we 
required, in addition to the protein, urine from the same subject 
from which the protein had been quantitatively removed. The 
filtrate from the sodium suKate precipitation was not suitable 
because of the large content of acid and besides it often contains 
traces of protein. We were not successful in strictly quantitative 
removal of the protein bj”^ heat alone; even the method given by 
Magnus-Levy* always allowed enough protein to remain in the 
filtrate to react wdth the Spiegler, Roberts, and the ferrocyanide 
tests. The following gave a strictly protein-free filtrate. 

A mixture of 50 cc. of Bence-Jones urine, 50 cc. of water, and 
100 cc. of sodium sulfate solution (100 gm. of sodium sulfate cr}'S- 
tals in 200 cc. of water) is heated in the w'ater bath; as soon as 
coagulation begins it is stirred occasionally with the thermometer 
until the temperature reaches 96-98°. Then it is taken from the 
bath, four drops of concentrated HCl are added, and the mixture 
is stirred well. After standing a minute or so it is rapidly cooled 
by immersing the vessel in cold water until the temperature has 
been reduced to about 40°, and filtered through 589 paper. The 
clear filtrate gives no reaction with any of the above reagents. 

We also found that the protein can be quantitatively removed 
without heating, by the use of salt and acid. 2 cc. of concen- 
trated HCl in 100 cc. of HoO are saturated with sodium chloride. 
An equal volume of urine is added, and the mixturi stirred for a 
minute, and filtered. The clear filtrate is entirely free from pro- 
tein. This salt-acid solution is of course essentially the Roberts 
reagent for albumin. 

Anaphylaxis . — ^This protein is capable of causing active anaphy- 
laxis, as the following experiments show. 
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Sensitizalion. — Xov. 27. Twelve puinca pips were injected subcu- 
tancouply. Xn.s. 1 to G civcli received 1 cc. of Hencc-Jones urine (0.027 
gm. of protein). Nos. 7 to 12 o.ieh received 1 cc. of a 2 per cent solu- 
tion of protein in Rinper’s solution (0.020 pm. of protein). 

Dec. 23. Alt were injected; tlic injection was into the jugular vein 
except for No. 2 which was injected directly into the heart. 


c 

v: 

*5 

E 

’c 

IntoxirAlion. 

Doc.23 f20dAyt.). 

Hcsult.i. 

1 

Diluted Ucncc-Joncs urine, 0.012 

Moderate anaphylaxis with com- 


pm. protein. 

pletc recovery at end of 15 min. 

o 

" urine, 0.003 pm. protein. 

Very slight anaphylaxis with re- 
covery in 0 min. 

3 

“ ■' 0.001 “ “ 

Slight anaphylaxis with recovery 
in 11 min. 

4 

1 cc. Ringer’s solution, 0.002 gm. 
protein. 

No sunploins. 

0 

4 cc. Ringer’s solution, O.OOS pm. 

Very slight anaphylaxis with re- 


protein. 

covery in 5 min. 

c 

1 cc. urine, 0.021 pm. protein. 

.Same as No. 5. 

7 

1 cc. diluted urine, 0.001 pm. pro- 

Marked anaphylaxis with death 


tcin. 

in 7 min. 

s 

1 cc. diluted urine, 0.002 pm. pro- 

Marked anaphylaxis with death 


tcin. 

in 0 tnin. 

9 

1 cc. Ringer’s solution, 0.002 gm. 

Marked anaphylaxis with death 


protein. 

in S min. 

10 

• 


11 

1 cc. Ringer’s solution, 0.002 gm. 

Moderate anaphylaxis with re- 


protein. 

CO very in 13 min. 

12 

2 cc. Ringer’s solution, 0.001 gm. 

Marked anaphylaxis with death 


protein. 

in 5 min. 


* Lost. 


From Series I it will be seen tliat: (1) the native Bence-Jones 
urine is capable of provoking only slight sensitization, whether 
the intoxicant is more of the urine or whether it is isolated protein; 
(2) the isolated protein is capable of causing very much higher 
sensitization against both native urine and isolated protein; (3) 
t e native urine will intoxicate a sensitized guinea pig; (4) the 
isolated protein will also do this. The intoxicating power of the 
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native urine and of the isolated protein is about the same, so ob- 
viously the protein as prepared bj’’ us has suffered no material 
denaturation. 

An interesting fact developed by this series is the weak sensi- 
tizing action of the native urine. Apparently some factor exists 
which prevents the protein from exerting its normal power; yet 
does not interfere with the subsequent intoxication of an animal 
properly sensitized by isolated protein. The experiments de- 
scribed in Series II were undertaken to study this inhibiting factor. 

Anaphylaxis Series II. 

Sensitisation. — Jan. 12. Six guinea pigs were injected subciitaneousl.v. 
Nos, 1, 2, and 3 each received 1 cc. of Bence-Jones urine (0.026 gm. of pro- 
tein). This urine had previously been heated at 55° for 1 hour. Nos. 4, 
5, and 0 each received 4 cc. of the following solution: O.I gm. of Bcncc- 
Jones protein dissolved in 20 cc. of urine from which the protein had 
been removed as described, and then made slightly alkaline. Nos. 4, 5, 
and G therefore each received 0.020 gm. of protein. 

Feb. 4. AH were injected into the jugular. 


Animal No. 

Intoxication. 

Feb. 4 (23 days). 

Hesulta. , 

1 

1 cc. of diluted Bence-Jones urine. 

No symptoms. 


0 001 gm. protein. 

Well marked anaphylaxis with 

2 

1 cc. of undiluted urine, 0.025 gm. 


protein. 

death in 10 min. 

3 

0 5 cc. urine, 0.013 gm. protein. 

Moderate anaph 3 daxis with re- 
covery in § hr. 

4 

1 cc. diluted urine, 0,001 gm. pro- 

Marked anaphylaxis with deal 


tein. 

in 6 min. 

5 

1 cc. diluted urine, 0 0005 gm. 
protein. 

Same as No. 4. 

6 

1 cc. diluted urine, 0.00025 gm. 

Moderate anaphylaxis with re 


protein. 

coveri- in I hr. 


From Series II it is clear that the inhibiting factor is the^O' 
stabile at 55°; for the guinea pigs sensitized with the urine vriic 
had been heated at this temperature® showed about the same sen 

® The urine became slightly opalescent from beginning precipitation o 
protein, and was not filtered. 
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sitivcncss, allowing for the larger intoxicating doses, as did the 
animals of Scries I which were sensitized with nnheated urine. 

On the other hand, it is clear that the power of sensitization 
of the isolated protein when dissolved in the deprotcinized urine 
is even greater than when the same protein is dissolved in Ring- 
er's solution. The removal of the protein from the urine was 
effected by the first (sulfate and heat) method, described on page 
290, and was undoubtedly qinantitative within the limits of the 
tests there mentioned; therefore the greater sensitization cannot 
be attributed to the presence of protein unaccounted for. Evi- 
denth’ the inhibiting factor is present neither in the isolated pro- 
tein nor in this protein-free filtrate; it is apparently destroyed by 
chemical manipulation or by heating to near the boiling point. 
We arc at present unable to make any further statement regarding 
this matter. 

The marked anaphylactic activity of this protein confirms the 
belief that we arc dealing with a higher protein of individual bio- 
logic stamp and not with a degradation stage in the hydrolysis 
of any body protein. ^ 

Direct Toxicity . — Wliilc it has generally been assumed that 
Bence-Jones protein is not directly toxic, there seems to be in 
the literature no definite experimental evidence bearing on this 
question. We therefore tried the effect of a large dose. A dog 
was etherized, and received into the femoral vein 2 gm. per kilo of 
body weight of protein dissolved in shghtly alkaline Ringer’s so- 
lution. The dog remained etherized for about 2 hours, and dur- 
ing this entire time the blood pressure taken by cannula from the 
carotid artery and the respirations from the trachea were recorded 
bj"^ the continuous paper kymograph. From the femoral artery 
blood was taken at short intervals to test its coagulability. In no 
direction was there the slightest indication of toxic action ; and the 
normal clotting of the blood speaks strongly against the presence 
of proteoses, which would have been in sufficient concentration to 
interfere with coagulation. This is quite in accord with the ana- 
phylactic activity already described. 

Digestibility of Bence-Jones Protein . — This protein in the cir- 
culation of the patient is, like the plasma proteins, protected from 
digestion; but the isolated substance, evidently undenatured, is 
readily attacked by either pepsin or trypsin. 
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In one of two flasks, each containing a little less than 100 cc. of water, 
were placed 1 gm. of protein and 0.1 gm. of Gruebler trypsin; in the other 
flask 1 gm. of protein and 0.1 gm. of pepsin. The flasks were then brought 
to the proper respective reactions, made up to 100 cc. volume, a small quan- 
tity of toluene was added, well shaken, and placed in the incubator at 39°. 
After 48 hours in the incubator 25 cc. were withdrawn from each flask, 225 
cc. of absolute alcohol added to each, and the whole was allowed to stand 
about an hour. The pepsin digestion gave at once strong opalescence fol- 
lowed by a flocculent precipitate, which weighed 0.042 gm. The filtrate 
from this precipitate was well diluted with water, boiled down to drive off 
the alcohol, and then gave a strong biuret reaction, showing that substan- 
tial digestion had occurred. The trypsin digestion was treated in the same 
way. Weight of precipitate, 0.031 gm. filtrate as above. 

The flasks were returned to the incubator for another 48 hours, when 25 
cc. portions were taken as before. The precipitate from each of these por- 
tions was found to be only 3 mg. less than after the first period, and the 
digestions were not carried any further. It would appear therefore that 
while nearly all the protein jrields readily, a small fraction resists diges- 
tion with considerable tenacity. 

As control a 1 per cent solution of protein was precipitated without any 
digestion; the filtrate did not give a biuret reaction; so that at least within 
the limits of this test all undigested protein is thrown down by alcohol- 
As further control another try-psin digestion was set up with the same pro- 
portions as before, but was boiled 15 minutes before placing in the incu- 
bator. After 48 hours the 'filtrate from the alcohol precipitate gave no 
biuret reaction. 

If the Bence-Jones protein is to be regarded as foreign to the 
tissues of the subject, we should by the Abderhalden hypothesis 
expect that a special ferment would soon be aroused to destroy 
it in the body; and certainly there would seem to be nothing m 
the nature of the substance itself to resist such a fate. Yet in- 
stead of being digested large quantities of it are excreted in its 
native condition, apparently free from any hydrolysis; and this 
can continue indefinitely. Under such circumstances we must 
dismiss the idea of a protective ferment. 


Abderhalden and Rostoski'" produced by several injections of Bence 
Jones protein in rabbits precipitins which reacted not only with this pro 
tein but also with human serum and the proteins prepared from it. i P 
kins and Savory” did not obtain precipitins (which they explain ^ 

ably due to injecting insufficient amounts of protein), but they state m 

'' Abderhalden, E., and Rostoski, O., Z. physiol. Chert 1905, xlvi, 1-3- 
” Hopkins, T. G., and Savory', H., J. Physiol., 1911, xh'i. 189. 
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anti-lnmwn Bcrani pave a but definite reaction ivitli solutions of 

Bcncc'.loncs protein, llopps and Gulbric,‘ by injecting solutions of Bonce- 
Jones protein, produred in r.itibifs n'calc prccipitins whicli reacted botli to 
this protein and to blood proteins. In this connection it is interesting to 
note that Mngniis-Lcvy= .stales tliat the character of tlie e.vcrction of his 
patient slowlj' changed, becoming much less soluble on boiling than in the 
early stagesof the disease, and finally behaved like ordinary blood protein. 
Yet he ivas satisfied that it was really the same substance because by chang- 
ing the physical conditions of the test, as Viy the addition of salts or urea, 
the solubility at 100° returned. 

From every point of view it is cle-tr that this substance in our 
case as in others is a higher protein, a liuman product closely re- 
lated to the normal blood proteins. 

Our ne.\t paper will consider more fully the protein in the body 
and its elimination. 

We desire to thank Dr. R. M. Pearce for his assistance with the 
anaphj’laxis experiments; also Drs. J. E. Sweet and M. M. Peet 
for performing the experiment concerning the direct toxicity of 
the protein. 




THE UREASE CONTENT OF CERTAIN BEANS, WITH 
SPECIAL REFERENCE TO THE JACK BEAN.* 

By J. G. MATEER axd E. K. MARSHALL, Jn. 

{From Ihc Pharmacological Laboratory, Johns Hopkins University, 
Baltimore.) 

(Received for publication, April 29, 1916.) 

Urease has been found extensively in various bacteria, fungi, 
and higher plants. Takeuchi’s discovery of urease in the soy 
bean’ vas followed bj’ an investigation for urease in a number of 
the liigher plant seeds b3’ Iviesel- and later b3' Zempldn.^ Falld 
found urease in castor beans. Annett^ examined a munber of 
different varieties of the S03' bean, finding the urease content 
about the same, while he also examined several Indian seeds for 
the presence of this enz3Tno. He made the interesting observa- 
tion that the sword bean contained much more urease than the 
soy bean. Recentl3' Benjamin® has noted the occurrence of mrease 
in various nodules of the legumes and other plant parts. 

Annett in speaking of the sword bean designates it Canavalia 
ensiformis. This designation properly belongs to the jack bean, 
a native of the West Indies and adjacent mainland, while the 
sword bean indigenous to India is properly designated Canavalia 
gladiala. These two beans have been much confused, and it is 
not quite clear with which bean this author has worked.^ 

In an examination of certain beans® we have found that the 

* This paper was presented in abstract at the meeting of the Ameriean 
Society of Biological Chemists, December, 1915. 

' Takeuchi, T., J. College of Agric,, Tokyo, 1909, i, 1. 

* Kiesel, A., Z. physiol. Chem., 1911, Ixxv, 169. 

* Zemplfin, G., Z. physiol. Chem., 1912, Ixxix, 229. 

* Palk, K. G., J. Am. Chem. Soc., 1913, xxxv, 292. 

‘ Annett, H. E., Bioehem. J., 1914, viii, 449. 

‘ Benjamin, M. S., Proc. Roy. Soc., New South Wales, 1915, xlix, 78. 

’ For a discussion of the jack and sword beans see Piper, C. V., U. S. 
Dept. Agric., Bureau of Plant Industry, Circular 110, 1913. 

* W.e desire to thank Dr. Piper of the U. S. Dept, of Agriculture for 
kindly furnishing us with most of the beans used in this work. 
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jack bean contains a very much larger quantity of mease than 
the sword or soy beans, and in fact shows a greater enzymatic 
activity toward urea than any other source of the enzyme. The 
mease of this bean is also apparently as specific for mea as that 
of the soj" bean. 


Test of Beans for Urease. 


The test for mease in the various beans was performed as fol- 
lows; The beans were finely ground in a coffee mill, and one part 
of the powder was treated with ten parts of distilled water and 
allowed to stand for 1 hour with occasional agitation. The sus- 
pension was then centrifuged, and the clear or slightly opalescent 
fluid siphoned off. Two 5 cc. portions of each of these extracts 
were placed in two flasks of 200 cc. capacity. 10 cc. of a 1 per 
cent solution of mea were added to one of the flasks, the other 
serving as a control. The fluid in each flask was made up to 100 
cc., toluene was added to prevent bacterial growth, and the flasks 
were tightly stoppered and allowed to remain at room tempera- 
ture. At the end of 20 horns the solutions were titrated with 
0.1 K hydrochloric acid and methyl orange. Table I shows the 
results obtained. 




J. G. jMateer and E. K. Marshall, Jr. • 299 


Six of the varieties of beans tested contained urease in sufficient 
amount demonstrable by this method. Three of these, white 
lupine,* soy bean,* and sword bean* have previously been shown 
to contain urease and arc included for purposes of comparison. 
The samples which were negative by this test may contain traces 
of urease which would be detected by a more delicate or pro- 
longed cx.amination. 


n dative Urease Activity. 

Tile relative activity of the be.an extracts containing urease was 
next tested. The extracts used throughout the work were always 
prepared as described above unless otherwise stated. 10 cc. of 
each extract were added to 50 cc. of 1 per cent urea solution, 5 
cc. portions removed at various intervals, and the amount of 
decomposition was determined by titration. Table II gives the 
results expressed in cc- of 0.1 n hj'drochloric acid. These figures 
are corrected for the alkalinitj'^ of the bean extracts. 

TABLE n. 


Time. 



0.1 K 

HCl. 



Phascotus 
aureus. j 

Lupinus 

albu^. 

DoUchos 

bx/torus. 

Glycine 

hispida. 

Canoro^ia 
gladiata. j 

Canorah'a 

ensiformxs. 

hrs. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

1 

1 





13.70 

i 

0.20 

0.20 

1.20 

4.10 

10.70 

13.70 

1 


0.45 

2.15 

6.30 

13.45 

13.60 

n 

0.30 

0.65 

2.90 

7.80 

13.50 

13.60 

21 

0.40 

0.90 

4.00 

11.10 

13.50 

13.65 

18 

0.90 

3.40 

11.60 

13.60 

13.40 

13.60 


Assuming that the enzyme concentration multiplied by the 
time is a constant, as has been shown for soy bean urease,® we see 
that the jack bean contains over fifteen times, and the sword 
bean about five times as much urease as the soy bean, while the 
Dolichos hifiorus contains about the white lupine about -jV, and 


® Marshall, E. K., Jr., J. Biol: Chem., 1914, xvii, 351. Van Slyke, D. D., 
and Cullen, G. E., ibid., 1914, xix, 141. 
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the Phaseolus aureus about as much urease as the soy bean. 
These figures, of course, are very rough but indicate the great 
variation in mease content of the beans. 

Inasmuch as the jack bean contains so much more urease than 
any of the others which have received investigation, further 
studies on this bean were made. Tables III and IV show the 
relative activity of the jack, sword, and soy beans. Extracts Were 
prepared as usual and suspensions of the bean powders were also 
used. The two methods gave the same results, which fact is in 
favor of the view that the urease of each is practically completely 
extracted by the method employed. 

The question of complete extraction was also tested directly 
by making an extract in the usual way, and then a second for a 
much longer time after rapidly washing the residue once from 
adherent remains of the first extract. The second extracts showed 
very little activity. An attempt was made to precipitate apart 
of the proteins by adding one-tenth volume of 0.1 n HCl to the 
extracts and filtering. This does not decrease the activity of 
the soy bean extract very much and was previously used by one 
of us. But with the sword bean and the jack bean extracts con- 
siderable loss of activity results. 

In Table III 5 cc. of the extracts were added to 50 cc. of a 1 
per cent urea solution, and 5 cc. portions of the mixture titrated 
at varying time intervals. In Table IV the experiment was 
similar to that of Table III except that 2 cc. portions of the ex- 
tracts were used instead of 5. 

TABUE in. 


O.I N HCl. 


1 

Time. 

Soy bean extract. 

I Sword bean extract. 

Jack bean extract. 


OriRi- 

Ccntri- 



Centri- 

Acidi- 

Oriel- 

Centri- 

Acidi- 

fied. 


nal. 

1 fuged. 

fied. 

nal. 

fugcd. 

6cd. 

nal. 1 

fuged. , 

hra. 

ce. 

cc. 


ec. 

cc. 

cc. 

■i 

ce. 

ce. • 

3 

~4 


3.0 


7.9 

7.8 

3.7 

Wm 

15.6 

10.2 



5.3 

WSm 

12.1 

12.0 

5.4 

IS 

15.6 

15.3 

15.45 

2i- ' 

* 1 


7.4 

6.0 ! 

1 

15.3 

1 

15.0 

6.8 

lu 

15.6 
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TAni.C IV. 


! 

Time. 



0.1 N 

IICI. 



Soy be.in rxtrart. j 

S«ord bean ctiraci. 

Jack bean extract. 

1 Oricin.M. | 

1 Acidified ! 
1 ami filtcrt'd. j 

Original. 

i 

Aridified 
land filtered. 

1 Ori^iinai. 

Acidified 
and filtered. 

ht. 

m 

mm 

re. 

cc. 

cc. 

cc. 

i 

WEm 


3 70 

2.00 


4.40 

1 



mSm 

3.20 


7.00 

11 

3.10 

u 

mi 

4.10 

15.70 

s.oo 


Tlie total amount of solids present in the extracts was deter- 
mined by evaporating 10 cc. portions to dr3mess in weighed por- 
celain dishes, drjdng over sulfuric acid iii vacuo, and weighing the 
residues. The averages of three determinations on different 
samples were, in mg. of solids per 1 cc.: 


Jack bcaa 26 

Sword bean 24 

Soy bean 41 

Acidulated extract of soy bean 30 


The jack bean extract contains less solid material than either the 
aqueous or acidulated extract of the soy bean. 

Specificity of Jack Bean Extract for Urea. 

The action of the extract was tested on a number of nitrogen- 
ous substances. Ereptone was used as representing a mixture of 
amino-acids and polypeptides which occur in the body. 0.200 
gm. was dissolved in 25 cc. of water and 10 cc. of the extract were 
added. Casein: 0.050 gm. was treated with 15 cc. of water, and 
10 cc. of the extract; 0.050 gm. of hippuric acid and 0.050 gm. of 
leucylglycine were each treated with 15 cc. of water and 5 cc. of 
the extract. 0.025 gm. of phenylalanine uramino-acid was dis- 
solved in 10 cc. of water, and 10 cc. of extract were added. The 
solutions were all made slightly alkaline to sodium alizarin sul- 
fonate with. 0. 1 N sodium hydroxide. An amino-acid determina- 
tion by Van Slyke’s method was made on 2 cc. portions of each 
solution at once, and again the next morning. Table V gives 
the results in amounts of nitrogen gas obtained. 
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TABLE V. 



1 






ersj. 

Substance. 

Initial 

reading. 

Temp- 

eratxire. 

Pres- 

sure. 

j 

Final j 
reading. 

Temp- ! 
erature. 

1 

Pres- 

sure. 

1 

g = 5 

W 

— • 

asia 


cc. 

‘C. 

mm. 

cc. 

•c. 

mm. 

hrt. 

Ereptone* j 


1.58 

1.55 

19.5 

760 

1.57 

19.5 

762 

18 

Casein ^ 

1 

0.50 

0.48 

26.5 

763 

0.50 

0.59 

24 

761 

13 

Hippuric acid j 

M 

1 

i i 

0.44 

0.43 

28 

757 

0.44 

0.42 

20 

758 

19 

Leucylgb’cine i 

[ 

1.20 

1.18 

28.5 

757 

1.18 

26 

j 758 

19 

Phenylalanine uramino- 
neirl . 


0.80 

28 

760 

0.88 

28 

763 

20 

Jack bean extract alone 

1.05 

28 

760 

0.90 

28 

763 

18 


i 



J.I4 



! 


* Ammonia determinations on 5 cc. portions of the ereptone solution 
gave 1.10 CO. 0.02 n ammonia immediately and 1.20 cc. 0.02 N 18 hours later. 


Table VI gives the results obtained on the action of the jack 
bean extract upon several other nitrogenous compounds occur- 
ring- in animal fluids. 0.050 gm. of each substance tvas treated 
with 15 cc. of water, 10 cc. of jack bean extract were added, and 


TABLE yi. 



Solution. 

Control* 


0.02 xHCl required. 

1 

CC. 

cc. 

Jack bean extract alone 

0.20 


Uric acid 

0.20 


Creatinine 

0.30 


Creatine 

0.70 

0.90 

Adenine 

0.2.5 

0.20 

Guanine 

0.40 

0.44 

Glucosamine 

1.30 

1.30 


O.SO 

0.90 


0.25 

1.00 


0.80 

Cystine 

0.20 



















J. G. Matcer and E. K. Marshall, Jr. 303 

the mixture was made just alkaline to sodium alizarin sulfonate. 
This solution was allowed to stand for IG to 20 hours, and the 
.ammonia determined by aeration. In cases where the amount 
of ammonia was greater than that contained in the control sample 
of 10 cc. of the extract, a second control was c.arried out by allow- 
ing the substance and 10 cc. of the extract to stand the same 
length of time and mixing just before aeration. 

Preparadon of the Enzyme in Solid Form hy the Use of Organic 

Solvcnls. 

The acetone method used by Van Sl^'ko and Cullen’“ for the 
soj’’ bean urc.ase as well as other i>rccipitants such as alcohol, mix- 
tures of alcohol with ether, benzene, or ligroin were found to jdeld 
a dry powder of about the same actirdty per unit of weight as the 
original extract. 10 cc. portions of the jack bean extract, pre- 
pared bj' digesting one part of ground beans udth ten parts of 
water and centrifuging, were poured into 100 cc. of the precipi- 
tant used. The acetone and mixture of two volumes of ether 
and one of alcohol gave the better jdelds (about 0.4 gm.) and also 
preparations of slightly greater activity. Tables ni and VIII 
show the comparative actirdty compared to the jack bean extract. 
In every case 25 cc. of a 1 per cent urea solution were added to 
the powder dissolved in 2 cc. of water, and 5 cc. portions titrated 
at varying time intervals. 


TABLE VII. 



Woiebt 


Time. 


Precipitant. 

of dried ] 
pre- 
cipitate. 

i hr. 

1 1 hr. 

j U hrs. 

1 2 hrs. 



0.1 N HCl required. 



mg. 

cc. 

cc. 

cc. 

cc. 

Acetone 

2 volumes of ether -f 1 vol- 

10 

3.85 

6.05 

7.70 

8.90 

ume of alcohol 

1 volume of benzene + 1 vol- 

45.9 

9.60 

14.35 

15.35 

15.35 

ume of alcohol 

45.5 

8. OS 

11.65 


15.25 

Jack bean* extract 

45.0 

9.85 

14.20 


15.30 


Van Slyke and Cullen, J. Biol, Chem., 1914, six, 211. 
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TABLE VIII. 


Precipitant. 

WeiRfat 
o! dried 
pre- 
cipitate. 

Time. 

i hr. 1 I hr. 

0.1 K HCl required. 


mg. 



Acetone 


* 


Alcohol 




1 volume of ligroin -f 1 volume of alcohol 

48.0 

7.60 

10.50 

2 volumes of ether + 1 volume of alcohol 

46.3 

12.10 

15.45 

Jack bean* extract. . 

57.7 

12.40 

15.45 


Jack bean extract was added in a volume sufficient to contain this 
much dried residue. 


The urease of the jack bean should prove useful especially in 
procedures im’-olving the rapid removal of urea from a solution 
in which but little contaminating foreign material must be added. 
The extract obtained by^ digestion with water and centrifuging or 
some solid preparation can, of course, be used for the estimation 
of urea in urine directfy by titration, and a much shorter time 
is required than with the use of soy bean extract where turbidity 
and masking of the end-point preclude the use of excessive 
amounts of the extract. The results in Table IX show that vrith 
human urine or animal urines diluted to contain 2.5 per cent or 
less urea, the conversion is complete in ^ hour at ordinary room 
temperature. The determinations were carried out using 5 cc. 
portions of urine, and 2 cc. of the jack bean extract.- The results 
are expressed in cc, of 0.1 n acid required. 


T.ABLE IX. 


No. 

Time. 

i hr. 

1 1 hr. 

1 20 hrs- 

0.1 X HCI. 



CC. 

cc. 

I 

I 36.00 

35.90 

35.90 

2 

39.30 

39.00 

38.90 

3 

41.70 

41.60 

41.40 

4 

28.60 

28.45 

28.00 


” Marshall, J. Biol. Chem., 1913, xiv, 283. 
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The extract can also bo used for tlie removal of virea prepara- 
tory to ostimatinp; amino-acids in urine by Van Slykc’s'" method, 
instead of soy bean extract as siiRRCsted by tin • author. A smaller 
.amount of extract can be used, and the same time, giving a smaller 
blank, or the same amount of extract will require much less time. 

SUM.MAin*. 

Several varieties of beans have been examined for urease, and 
its presence or absence noted. The jack bean {Canavalia enaifor- 
mis) contains about fifteen times as much urease as the soy bean, 
while the extract from the jack bean contains much less solid 
residue than that from the soy be.an. The urease of the jack bean 
.as far as investigated appears to be as specific for urea as that of 
the soy bean. Suggestions .are made wherein the urease of the 
jack bean m.ay prove usefid in chemical procedures. 

'• V.nn Slyko, J. Biol. Chem., I913-M, xvi, 123. 
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NUTRITION INVESTIGATIONS UPON COTTONSEED 
MEAL. I. 

By ANXA E. RIGII.UIDSON and HELEN S. GREEN. 

(From the Nvtrilion Jtcscarch Laboratory, Department of Domestic Economy, 
The University of Texas, Austin.) 

(Received for puhlieation, April 24, 191G.) 

VTiether or not cottonseed meal can safely and advantageously 
be utilized for human consumption is a matter which up to this 
time has received little attention. Several metabolism experi- 
ments have been carried out to determine the coefficient of diges- 
tibilitj’ of cottonseed meal,* and rabbits and pigs have been used 
in studjdng the question of the toxicity of cottonseed meal and 
its extracts.- In considering the broad question of the nutritive 
value of cottonseed meal, which must necessarily include the 
study of its efficiency in promoting growth, development, and 
reproduction, conclusions based upon the results of a metabolism 
experiment which occupies but a few days, or deductions from 
the fatal results of feeding excessive amounts, or extracts from 
excessive amounts of cottonseed meal, cannot alone be accepted 
as conclusive. 

In this paper we present a preliminary report on the efficiency 
of cottonseed meal as a food for promoting the growth, develop- 
ment, and reproduction of the albino rat. The general plan of 
the investigation was suggested by ‘the work of Osborne and 
Mendel, and the technique employed follows the methods observed 
by the authors on their visit to the Connecticut Agricultural Ex- 
periment Station.® 

* Traps, G. S., Texas Agric. Exp. Station, Bull. 12S, 1910. Rather, 
J. B., Texas Agric. Exp. Station, Bull. 16S, 1913. 

= Withers, W. A., and Ray, J. B., J. Biol. Chem., 1913, xiv, 53. Withers, 
W. A., and Brewster, J. T., J. Biol. Chem., 1913, xv, 161. Crawford, A. C., 
J. Pharm. and Exp. Therap., 1909-10, i, 519. 

’ We wish to thank Dr. Osborne and Miss Ferry for their advice and help 
as to the best method of conducting this work. 
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The rats used in the experiment were bred in Texas from Mas- 
sachusetts stock. Through a careful process of elimination a 
sturdy resistant stock has been obtained. During the summer 
of 1915 the excessive heat in Texas appeared to have a slight re- 
tarding influence upon the growth not only of the e.xperimental 
but also of the control animals. 

Our plan of investigation includes the ’consideration of the fol- 
lowing points. 

1. Can animals live and thrive on a diet of which cottonseed 
meal comprises 33 to 50 per cent? 

2. Can animals live and thrive on a diet in which cottonseed 
meal furnishes the only source of protein? 

3. llTiat nutritive factors are lacking in cottonseed meal to make 
it an efficient food per sc? 

4. Can cottonseed meal be combined noth any foodstuffs to 
make an efficient diet? 

5. Does cottonseed meal contain a tojdc substance; if so, how 


does it act? 

Tliis paper reports the data of the first year’s experiments, 
whose value will be more definitely determined by the results 
obtained from a longer period of experimentation. 

In these experiments the control animals have been fed either 
an ordinar 3 ’- mixed diet consisting of dog biscuit, ■* milk, gram, 
green vegetables, and occasionally meat, or the following diet, 
which was recommended to us by Osborne and Mendel. 


Whole milk powder^ 

Starch 

Lard 


pfT Cfr-' 

.. CO 
.. 12 
.. 2S 


Cottonseed meal or flour, supplemented bj^ other substances, 
was used in all the experimental diets. In the percentages 
the protein content of these diets, we have imitated the con ro 
whole milk powder diet which supplies 25 per cent protein, 
experimental diets are made up in paste form with 28 to 3 

^ Special dog biscuit manufactured b 3 ' Potter and W M,. 

the formula of Dr. Castle, of Bussej' Institute. This biscuit aa.‘= r 
mended In- Osborne and Mendel for feeding stock rats. ctiirr'l 

. ‘ Whole milk powder containing 27.5 per cent butter fat, manu a 

\bj- MerrclI-Soulo, Syracuse, New York. 
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cent fat. Wc liavc uscc^ two cottonseed products, cottonseed 
meal and Allison cottonseed flour. The flour has been made by 
refining commercial cotlonsccd meal and contains from 50 to 58 
per cent protein and about 12 per cent fat. It has been deprived 
of (he greater part of the lint, hulls, and resin, by the heating, 
bolting, etc., of the Baumgarlcn process.” The ordinary com- 
mercial cottonseed meal has been passed through a twenty mesh 
sieve to remove the lint and hulls to a uniform degree. This meal 
contains more hulls, resin, and coloring matter than the bolted 
flour. Both of these forms have been emploj^ed to test any 
nutritive advantage, or difference in degree of possible toxicity. 

In the experiments the following diets have been used. 




jtcr cent 



‘per cent 

1. 

Cottonseed flour... 

50 

2. 

Cottonseed flour 

.... 33 


Starch 

oo 


WIioIc wheat flour^ . 

.... 37 


Lard 

2S 


Lard 

.... 30 

:iA. 

Cottonseed flour. . . 

SO 

4. 

Cottonseed flour 

70 


Starch 

00 


Lard 

.... 30 


Butter fat 

12 





Lard 

10 




0, 

Ether-extracted meal... 60 

7. 

Cottonseed flour 

.... 50 


Starch 

22 


Protein-free milk®. . 

.... 22 


Lard 

28 


Butter fat 

.... 12 





Lard 

. ... 16 


' Manufactured by G. A. Baumgarten, Schulenburg Oil Mills, Schulen- 
burg, Texas. 

^ Flour made from the whole crushed wheat, ground in the mill twice, 
and sifted through a twentj' mesh sieve. 

’ For a short period protein-free milk was prepared according to the 
method of Osborne and Mendel, Carnegie Inslilulion of Washington, Puh- 
lication No. 15G, pt. ii, 1911. Later it was found more convenient to use 
Merrell-Soule skim milk powder instead of fresh milk. After neutralizing 
the clear filtrate, the final step in the process described by these investigat- 
ors, the liquid was again filtered to remove the small amount of protein pre- 
cipitated by the neutralization. This preparation contains a smaller per- 
centage of nitrogen than the original Osborne and Mendel preparations. 
These results were corroborated by the work of Mitchell, H. H., and Nel- 
son, R. A., J. Biol. Chem., 1915, xxiii, 461. 
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per cent 




Sifted cottonseed meal,. 50 

13. 

Cottonseed flour — 

.... 45 

Starch. . . 

22 


Whole milk powder. 

.... 17 

Lard 

28 


Starch 

...10 




Lard 

... 2S 


14. Cottonseed flour. . 

50 



Protein-free milk.. 




Lard 


28 



Do Animals Live and Thrive on Cottonseed Meal? 

At the present time animals are alive after eating cottonseed 
meal diets for 310 to 345 days. These diets contained from 33 
to 50 per cent cottonseed flour. The oldest animals have been 
on Diets 1 and 7 containing 50 per cent cottonseed flour. Others 
have received 50 per cent cottonseed flour in Diet 3 A and 33 per 
cent in Diet 2. VTitle the animals on these diets have nwni 
fested a slower rate of growth than the control animals, yet the 
fact that rats are still alive after 310 to 345 days, approximately 
one-third of the extreme span of a rat’s life,® on a diet which con- 
tains 33 per cent or more of cottonseed meal, is extremely impor- 
tant and one to be referred to in connection with the possible 
toxicity of cottonseed meal. 

Cottonseed Meal as the Sole Source of Protein. 

With cottonseed flour as the sole source of protein, rats are stiil 
alive after 340 days. On Diet 1, in wliich the flour fmnished 25 
per cent protein, there have been growth, maintenance, and we^ 
nourished appearance in several rats for a period of about 13o 
days. Several rats which wmre continued beyond 135 days on 
Diet 1 steadily lost in weight, became greatly emaciated, an 
died after 152 to 157 days. Others recovered when additions were 
made to the diets. Rat 49, an especially sturdy animal, upon m 
dicating failure to grow or maintain body weight on Diet 1 a er 
210 days was changed to Diet 3 A, which differed from Die 
only in 12 per cent butter fat content. With this addition o^ 
butter fat, recovery^ was almost complete. After 38 days 
was again evident, but an immediate gain in weight occu 

® Donaldson, H. H., Boas .-ynni^'ersary Volume, New \ ork, 
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when the animal was supplied with Diet 7, which contains pro- 
tcin-frec milk in addition to butter fat. Rat 3G on Diet 1 grew 
steadily for 137 days. At this point failure appeared and the 
animal’s weight dropped so rapidly that the immediate substi- 
tution of an eflicient diet was imperative. On Diet 7, containing 
butter fat and protein-free milk, this animal has recovered rapidly 
and reached practically normal full size at the age of 315 daj’’S. 

Rats on Diet 4 made up of 70 per cent cottonseed flour and 30 
per cent lard, have grown normally for 90 days. Fi'om this point 
they have groivn verj- slowlj' or have maintained bod}* weight and 
good appearance’ for 70 daj*s longer. This diet is deficient in 
carbohydrate, some of the nccc.ssary inorganic constituents,^” and 
possibly other substances essential in a complete diet (Chart 4). 
On Diet 4, Rat 44, although his resistance to such an adverse diet 
was not as great as that of other rats, demonstrated in a remark- 
able manner that this diet is sufficient for growth and mainte- 
nance for a considerable time. This animal on Diet 4, after reach- 
ing the age of 70 days, weight 83 gni., became extremely emaci- 
ated and too weak to stand. The animal’s fur was rough and 
stood on end; feet, tail, and ears were colorless and transparent; 
and the ej'es were swollen shut. At this point, when death seemed 
imminent, protein-free milk and butter fat were supplied as in 
Diet 7. Recovery was immediate and complete, normal growth 
was initiated, and after 42 days on this diet the rat was returned 
to 70 per cent cottonseed meal, on which it continued to grow 
for 77 days, maintained body weight for 52 days, and died at the 
age of 263 days, a well nourished, fat, fine-furred individual. 

By referring to Chart 1 it appears that rats on 70 per cent 
cottonseed flour and 30 per cent lard have grown better than 

.4811 analysis of Allison cottonseed flour: 

per cent 


Inorganic salts 5.50 

SiO: 0.14 

Cl None. 

SOj 0.06 

■ PjOs 2.57 

K20 2.01 

CaO 0.26 

MgO 0.25 

NaaO None. 
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Rats 111 and 50 on 50 per cent cottonseed flour, 28 per cent lard, 
and 22 per cent starch. In every case in which the diet shoved 
a deficiency, the rats were recovered (Chart 2) by the addition 
of some substance other than protein to the diet. The fact that 
cottonseed flom- has furnished the only source of protein for rats 
during 340 daj's and that rats have grovm for 90 days and main- 
tained bodj' weight for 70 days more on a diet containing 70 per 
cent cottonseed flour and 30 per cent lard, is e^^dence that the 
protein of cottonseed flour is an available protein and is sufficient 
for grovdh. 

What Kiiiritive Factors Are Lacking in Cottonseed Meal? 

Rats which received 12 per cent butter fat in Diet 3 A have 
not grown at anj' greater rate than those on Diet 1, but gronth 
has continued for a longer period, probably due to the growth- 
promoting factor contained in butter fat” (Chart 3). With Eats 
37 and 38 on Diet 3 A steady growth was maintained for 185 and 
188 da 3 's before failure and, in the former case, death occurred. 
Rat 38 grew steadilj' for 197 da^-s and maintained body weight 
for 39 daj's more; at this point the growth was resumed after im- 
provdng the mineral content of the diet'= bj' the addition of pro- 
tein-free milk. 

The recovery of Rats 36 and 49 on Diet 7 has alreadj' been 
mentioned. Rat 45 was reduced to a degree of emaciation an 
a condition similar to that of Rat 44 on the same Diet 4. iCien 
protein-free milk and butter fat were added as in Diet 7, a sudden 
growth impulse was manifested which persisted for 26 da 3 's nhen 
the animal died of lung trouble while still growing. With Eat 3 
after 224 da 3 's of growth and maintenance on Diet 3 A, additions 
growth w’as promoted b 3 ' 22 per cent protein-free milk. Rat 
on Diet 1 grew slowly, probabl 3 ’’ due to a food intake helon nor 
mal. Later with a more normal intake growdh became pronounccf • 
Eventuall 3 ' failure of the diet became effident, and when 12 p*''' 

» Osborne, T. B., and ^lendel, L. B., J. Biol. Chem'., 

« .McCollum, E. V., and Davis, M., J. Biol. Chem., 1913, x«, Olo.^ r 
E. B., McCollum, E. V., Steenboek, H., and Humphrey, G. C., » a'f - ^ 
Agric. Exp. Station, Research Bull. 17, 1911. Osborne and Mendel, J- 
Chem., 19’’ 
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cent Inittcr fat was added, a slight Init not continuous rccoveiy 
occurred. However, when protein-free milk was added, a de- 
cided, iinniediate, and continuous growth was manifested (Chart 2).. 

Wo have not fed a diet containing ideal inorganic constituents, 
as protein-free milk and butter fat, for a long enough period to 
offer any conclusions as to the cthcicncy of such a diet over a long 
period compared with the whole milk powder control diet, or an 
ordinary mixed diet in irromoting growth and development, but 
after tlO days on Diet 7, containing 50 per cent cottonseed flour, 
22 per cent protein-free milk, 12 per cent butter fat, and 16 per 
cent lard, a large number of rats have grown normally and ap- 
parently are in as good physical condition as the control animals 
of the same age. This evidence considered together with the re- 
markable manner in which Diet 7 has recovered all rats reduced 
to extreme emaciation and possible death on incomplete diets, and 
induced immediate growth, indicates tlic lack in cottonseed meal 
of some essential nutritive factor rather than the presence of a 
deleterious substance, ■\^^lethcr this is due to dcficienc}’’ in the 
inorganic salts'" or to the lack of some growth-promoting factor 
has not been determined. The diet containing cottonseed flour 
and protein-free milk without butter fat has not been continued 
long enough to justify definite conclusions, but after 90 daj^s on a 
diet containing 50 per cent cottonseed flour, 22 per cent protein- 
free milk, and 28 per cent lard, several rats have attained normal 
weight for control animals of the same age. 

Will Cotlonseed Meal Combined wilh Some Campion Food Material 
Make an Efficient Diet? 

In endeavoring to find a possible combination of cottonseed 
meal with some common food which would prove adequate for 
growth and development, cottonseed meal was combined with 
milk powder.’" On this. Diet 13, perfectly normal growth and 
development of twelve animals have been obtained (Chart 5). 
Of the six females in this group, five have borne one or more litters 
of young. Rat 89 at the age of 146 days bore eight young, and 
ate all but four which were adopted by a stock female and after 
weaning were given Diet 13. At the present age of 70 da 3 ’’s they 

Whole milk powder, Mcrrell-Soulc. 
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are growing as well as control animals. 31 days after the first 
litter, Rat 89 bore five young. Rat 125 at the age of 148 days 
bore five j’^oung, and 56 days later, six young; Rat 134 at the age 
of 128 days bore seven young; Rat 136 at the age of 133 days 
bore six young, and 56 days later, five young; Rat 91 at the age 
of 189 days bore foru young. The young rats after weaning have 
lived on the same Diet 13, as their mothers and are normal at 
the ages of 60 to 70 days. 

This again points to the absence of an active toxic substance, 
since the addition of even 17 per cent of as favorable a food as 
milk powder could scarcely covmteract the liarmful effects of 4a 
per cent cottonseed meal if it contained an active toxic substance. 

No young animals have been obtained from rats on Diets 1, 2, 
3 A, 4, 5, and 8, containing from 33 to 70 per cent cottonseed meal 
or flour. All these diets were deficient in necessary minerals 
which alone might account for the inability to reproduce,*^ as it 
has been demonstrated that diets which are lacking in necessary 
inorganic constituents but are otherwise adequate are inefficient 
for the reproduction of the albino rat. We are at this time test- 
ing the possibility of reproduction on diets composed of cotton- 
seed meal, butter fat, and essential inorganic salts furnished by 
protein-free milk, and we hope to report on this point later. 


Toxicity of Cottonseed Meal. 

Animals fed on cottonseed meal extracted with ether according 
to the method of Withers^® have shown no nutritional advan- 
tages over those rats fed on the unextracted meal. In fact, failure 
and death occurred much sooner on the former diet, 5, than on 
the latter, 8. Perhaps this is due to the absence through extrac- 
tion of the ether-soluble, growth-essential substance present m 
butter fat which appears to be present in small quantities in 
tracted meal, since in the case of Rat 78, after a period of - 
days on a diet of ether-extracted meal, during which time 


“ McCollum and Da^ds, J. Biol. Chem., 1915, xxi, 615. cevcn 

'5 Since this paper was started Rat 38, on Diet 7, has borne - 
young, all in good condition. . 

1® Withers, of the North Carolina Agricultural Experiment a ' 
lieves that the ether extract of cottonseed meal eontains a toxic su 
whic'fi he calls gossypol. 
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was slight growth anti later just maintenance, when butter fat 
was adcletl to tlie diet pronounced growth was manifested. 

In comparing the behavior of rats on cottonseed meal in Diet 
S and on the more highly milled flour in Diet 1, there is indica- 
tion of a slight nutritive difference in the two products. Rat 86, 
Chart 1, on the ordinary meal, Diet 8, is still growing at a period 
beyond the time at which complete failure of Rat 50 on Diet 1 
appeared. Chart 1 show.s th.at while Rat 86 on Diet 8 has grown 
at a slower rale than Rats 50 or 111 on Diet 1, Rats 142 and 143, 
representative of animals of greater stamina, on Diet 8 are grow- 
ing at a greater rate than any on Diet 1. This again suggests a 
greater amount of the growth-promoting substance associated 
with certain fats in the less highlj'^ milled product. 

sumtARY. 

1. ^ Albino rats arc still alive after 310 to 345 days on diets con- 
taining 33 to 50 per cent cottonseed flour. 

2. With 50 per cent cottonseed flour as the sole source of pro- 
tein, mineral, and growth-promoting factors in Diet 1, rats have 
grown and maintained body weight for 135 days. With 50 per 
cent cottonseed flour as the sole source of protein rats have lived 
for 345 days. I^Hien cottonseed flour has been reinforced with 
protein-free milk to furnish adequate inorganic salts and butter 
fat containing a growth-promoting substance, rats which have 
failed on deficient diets have promptly recovered and exhibited a 
rate of growth nearly normal. Rat 38, thus recovered, has borne 
a litter of seven. Rats receiving 70 per cent cottonseed flour as 
the only source of protein, mineral, carbohydrate, and probable 
groudh-promoting substances, have grown more normally for a 
period of 90 days, than the animals receiving 50 per cent’ cotton- 
seed flour with the addition of 22 per cent carbohydrate as starch. 

3. Rats receiving butter fat in a diet in which cottonseed flour 
is the only source of protein and mineral, show some nutritional 
advantage over rats not receiving butter fat in a similar diet, 
and have grown for a slightly longer period. • 

4. Rats which have failed on Diet 1 have recovered for a short 
period on Diet 3 A containing butter fat, but permanent recov- 
ery has occurred only when the inorganic salt content of the diet 
has been improved by the addition of protein-free milk as in Diet 7 . 
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5. On a diet containing 45 per cent cottonseed flour, 17 per 
cent whole milk powder, 10 per cent starch, and 28 per cent lard, 
rats have grown and developed normally to the age of 6 months. 
Five females have borne one or more litters of jmung which are 
growing normally at the age of 60 to 70 daj’^s, on the same diet as 
the mothers. 

6. Rats receiving cottonseed meal, containing more resin, fat, 
lint, and hulls than the flour, have shown nutritional advantage 
over those receiving cottonseed flour. This may be due to a 
greater amount of the growth-promoting factors in the meal than 
in the refined flour. 

Our results indicate that cottonseed meal does not contain 
sufficient minerals for growth, is not actively toxic, contains 
efficient protein, and perhaps fat-soluble growth-promoting sub- 
stances, similar to those of butter fat, but in less adequate quan- 
tities. 



Chart 1. The growth of Rats 50 and 111 on refined cottonsce 
Diet 1, and Rats 86, 142, and 143 on ordinarj' cottonseed meal, Diet . 
the latter diet Rat SO is growing at a period beyond the point at n J 
for example Xo. 50, have failed entirely on Diet 1. Rats 142 an 
sturdier stock than Rat SO, have grown almost normally for 11 
Diet 8. 







Chaiit 3. The efficiency of a cottonseed flour diet with butter fat, Diet 
3 A, and without butter fat, Diet 1. Rats 38 and 37 on Diet 3 A continued 
to grow for 185 to 188 days, a longer period than Rats 49 and 50 on Diet 1 
for 135 days. Note that Rat 38 was given further but not continuous 
growth by the addition of butter fat in Diet 3 A. 
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Ninhydrin Reaction 


respond readily to the test. Proteins and their hydrolysis pro- 
ducts were also found to give a positive reaction. One or two 
ammonium salts and a few bases were examined with negative 
results, and thus the test began to be regarded as characteristic 
of proteins and their hydrolysis products. 

Herzfeld,® however, noticed that ammonium carbonate and 
ammonium oxalate when evaporated to drjmess with triketohy- 
drindene hydrate gave a positive reaction. It was, however, due 
to Neuberg' that the fact was discovered that the ninhydrin reac- 
tion with ammonium salts was a general one, thus contradicting 
the experiments and conclusions of Abderhalden and Schmidt. 
Xeuberg also discovered the positive nature of the ninhydrin 
reaction with many organic bases and these results will be dis- 
cussed in the succeeding paper. 

The results of Neuberg destroy at once the specific nature of 
the ninhydrin reaction, and we wish in this paper to discuss the 
probable cause of the discrepancies and endeavor to gain some 
insight into the reaction. 

The Analogy between the Ninhydrin Reaction and the Formation 
of Murexide from Alloxan. 

This analogy was pointed out by Ruhemann,’ who showed con- 
clusively that the blue coloring matter produced by' heating ammo- 
acids and triketohj^drindene hydrate was similar in properties 
and in method of preparation to murexide. Basing his ideas on 
the constitution of murexide advanced by Pilot}' and Finckh, 
and by Slimmer. and Stieglitz,® and the analogy between trikcto- 
hydrindene hydrate and alloxan, he prepai'ed the coloring matter 
in the following way. 

Alloxan and triketohydrindene hydrate on reduction with roi 
reducing agents yield alloxantin and hydrindantin respecti' d.' i 
to which he gave the following constitutions. 

^ Herzfeld, E., Biochem. Z., 1914, lix, 249. 

® Neuberg, C., Biochem. Z., 1913, Ivi, 500. 

r Ruhemann, J. Chcm. Soc., 1911, xcix, 792, 14S6. 

® Piloty, O., and l^inckli, K., Ann. Chem., 1904, ccc.xxxiii, 22. 

’ Slimmer, M., and Stieglitz, J., Am. Chem. J., 1904, xxxi, 061. 
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Xll— CO 

1 I 

CO C(OII). 

I I 

xn— CO 
Alloxun. 


XII— CO CO XT! 

II II 

CO CII— O— C(OII) CO 


XII— CO CO Nil 

Alloxantin. 


/CO. /CO. 

cji/ >c(oii); -) Ccii.< >cn— o— c(oii) cji. 

\co/ \co/ 

Trikctoliydritulcnc hydrate. Hjalrindantin. 


On wanning witli a mi.xturc of ainnionium carbonate and am- 
monium acetate lliesc gave murcxide and the ammonium salt of 
diketohj'drindylidene-diketohj'drindaminc respectively. 


XH— CO CO— XH 

II II 

CO C— X = G CO 

I II II 

XH— C(ONHd CO— XH 
Murexidc. 


/CO. /CO. 

CJI,<^ ^C— X = C<^ >C»H4 


CtOXH,) 


'CO^ 


Ammonium salt of diketohydrindyli- 
dcnc-dikotohydrindamino. 


The' ammonium salt of diketohydrind3didene-diketoliydrin- 
damine prepared in this waj' through the intermediate hydrindan- 
tin was found to have a blue coloration identical with that formed 
Ij 3’’ heating alanine and triketoh3'^drindene hydrate, the alanine 
being oxidized to carbon dioxide and acetaldehyde. Triketohy- 
drindene hydrate and gl3'’cine were shown to give formaldeh3'^de, 
carbon dioxide, and the ammonium salt of diketohydrindylidene- 
diketoh3^drindamine. Strecker’® had shown that alanine and al- 
loxan, when heated together in aqueous solution, produced acet- 
aldeh3rde, carbon dioxide, and murexide. Thus a close analogy 
between the two reactions was established. 

The identity of the ammonium salt of diketohydrindylidene- 
diketohydrindamine was established by Ruhemann by means of 
analysis and chemical reactions. As a further means of identi- 
fication, especially in dilute solution, we have observed three 
properties which can be used for the detection of the compound. 


Strecker, A., Ann, Chcm,, 1862, cxxiii, 363. 

THE JOURNAL OP BIOLOGICAL CHEMISTRY, VOL. XXV, NO. 2 
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a negative reaction is obtained in all cases. Thus when the con- 
centration of the ammonium salt is such that 1,0 cc. = 0.05 mg. 
ammonium nitrogen, then, in all cases examined (twent}-)? mil' 
but one exception, a perfectly colorless solution resulted on heat- 
ing them with 1.0 per cent aqueous ninhj'^drin solution (Table 
II). The one exception is ammonium sodium hydrogen phos- 
phate, which gives a very faint trace of violet color under those 
conditions and the probable cause of this exception will be dis- 
cussed later. 

In the majority of cases we have been able to identify the blue 
or violet coloration as due, at any rate in part, to the ammonium 
salt of diketohydrindylidene-diketohydrindamine. We used the 
three tests mentioned on page 322, but in no case was sufficient 
color present to be determined quantitatively by the Harding- 
MacLean colorimetric method.*'* The discrepancies of previous 
observers can thus be accounted for; in concentration of about 1 
per cent the ammonium salts of the weak organic acids give an 
unmistakable ninhydrin reaction, which is not the case when the 
concentration is extremely low (1.0 cc. = 0.05 mg. ammonium 
nitrogen). , 

In view of the results it became of interest and importance to 
determine whether ammonium salts in very dilute solution ga^e 
a ninhydrin reaction in the presence of pjTidine. This modifica- 
tion of the ninlwdrin reaction disco'vered by Harding and iMac- 
Lean*^ results in a quantitative decomposition of the a-amino 
nitrogen of amino-acids. How far, if at all, does it affect the de- 
composition of ammonium nitrogen when in similar concentra 
tion? The method of investigation was as follows: 

Standard solutions of different ammonium salts were prepared of sad 
a strength that 1 cc. of solution contained 0.05 mg- of ammonium wtroge , 
thus being equivalent in strength to the standard alanine. 

1 cc. of the ammonium salt solution together -svith 1 cc. of 10 per 
aqueous pyridine and 1 cc. of 1 per cent ninhydrin were heated for a 
of 20 minutes in a rapidly boiling water bath. A strong blue co or 
oped. The contents of the test-tube were cooled, diluted to 5 
the amount of color was measured against a standard alanine co 
taneously prepared. 

Harding, V. J., and MacLean, R. AI., J. Biol. Chem., 1015, -vc, 2!/- 
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For rca.‘:ons given in a previous piipor'' the amount of decompo- 
sition of alanine, etc., is assumed to he quantitative. It will be 
seen by a glance at Table II that the decomposition of ammonium 
nitrogen under these conditions is constant and independent of 
the acid attacked, the two columns representing duplicate de- 
terminations. 

TABU', n 


Ammonium ‘lU. 

Without pj ndinc 

With pj ndme 

Nitrogen 

dLCompo«!od 

\ 



vxg 

mtj 

Chloride 

No 

color. 

0 

019 

0 

020 

Nitrate 

<< 


0 

OIS 

0 

WBM 

Sulfate 

“ 

tt 

0 

017 

0 

016 

Sodium lu’drogen phosphate. 

Ver\' pale 

violet color. 

0 

016 

0 

015 

Ih-drogcn phosphate . .. 

No 

color. 

0 

019 

0 


Carbonate 

(( 


0 

018 

0 

OIS 

Tormato 

it 


0 

019 

0 


Acetate 

a 

tt 

0 

020 

0 

uSil 

Oxalate 

u 

tt 

0 

017 

0 

018 

Succinate 

t( 

tt 

0 

020 

0 

019 

Glj collate 

ti 

tt 

0 

019 

0 

1 H 

Lactate 

tt 

tt 

0 

019 

0 

• 9 

Malate 

(( 

tt 

0 

020 

0 

! 9 

Tartrate 

« 

it 

0 

OlS 

0 

! 9 

Citrate 

€t 

tt 

0 

015 

0 

I 3 

/3-0\vbutvrate 

(C 

tt 

0 

020 

0 

i 9 

Benzoate 

if 

tt 

0 

020 

0 

022 

Cinnamate 

€{ 

tt 

0 

020 

0 


Opianate 

i( 

tt 

0 

018 

■0 

018 

Thioc 3 'anate 

(( 

tt 

0 

019 

0 



This decomposition of ammonium nitrogen is constant at about 
0.018 mg. in 0.05 mg., or about 36 per cent, and the identification 
of the coloring matter as the ammonium salt of diketoh 3 ^drindy- 
lidene-diketohydiindamine is readily effected by the use of the 
three afore mentioned tests. 

We next investigated the effect of var 3 dng amounts of ninhy- 
drin and pyridine upon the reaction under conditions which par- 
allel those in our studies on the decomposition of alanine. This 
is shown in Table III. 

** Harding and MacLean, J. Biol. Cliem., 1916, \\iv, 503. 









328 Ninhydrin Reaction 


RCHNHi . CPOH RCO . CHO + NH, 

Their later work has inclined them to the belief that the reaction 
expressed is not a true chemical dissociation. In the case of 
alanine this would lead to the formation of methyl glyoxal and 
ammonia. 


CH 3 . CHNH. . COOH CHs . CO . CHO + NH, 


The glyoxals as a class are distinguished by being powerful reduc- 
ing agents; they reduce ammoniacal silver oxide and Fehling’s 
solution even in the cold. Thus it would be expected that a 
reduction of triketohydrindene hydrate would take place, ghdng 
rise to a substituted glyoxylic acid, 


CHs.CO.CHO-kO = CHj.CO.COOH 

and that this would decompose into carbon dioxide and an alde- 
hyde. 

CHj . CO . COOH = CHs . CHO -t- COj 

The triketohydrindene hydrate would be reduced to 1, 3-dikefo- 
hydrindol 

/CO. /CO. 

CeH/ >C(0H)3 CcH/ bCHOH 
^CQ/ ^CO^ 

which on condensation with the ammonia from the amino-acid 
would give 1, 3-diketohydrindamine. 


CcH*^ ^CHOH + NH, = H-0 -f C6H,<^^^^CHNH! 

This compound readily condenses with aldehydes and ketones, is 
readily oxidized to a deep blue coloring matter and consequent } 
would be expected to condense with a molecule of triketohj nn 

dene hydrate to give diketohydrindylidene-diketohydrindamine, 

the ammonium salt of which is the required blue coloration. 


/CO. /CO. • 

CcH/ >CHNH;-f(OH)-C< bC3H4 = 

\co^ X:0'^ 

/CO. 

2H..O-LCcPIX >CH-X=C<( bCcH. 
\C0/ ^CCK 
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Such a pcliemc accounts satisfactorily for the end-products of tlie 
reaction. It differs from that outlined by Ruhemann by not re- 
garding hydrindantin as an intermediate product. The direct 
action of ammonia upon hydrindantin to produce diketohydrin- 
dylidcne-diketohydrindaminc would be expressed much better by 
a series of simple reactions involving the lu'drolysis of hydrindan- 
tin to diketohydrindol and triketohj^drindenc hydrate. Alore- 
over, we believe that we possess a certain amount of evidence 
against the view, for the presence of hydrindantin in large amounts 
reduces the amount of diketohydrindylidene-diketohydrindamine 
formed from an ammonium salt (page 333). 

Again, as a worldng hypothesis, the intermediate formation of 
a glyo.val is attractive to us because it enables us to e.xplain the 
ninhydrin reaction with ammonium salts. It is to be noticed 
that the ninhydrin reaction in the presence of p 3 Tidine is the same 
for all ammonium salts, being entirely independent of the acid 
attached; without pyridine it is most evident with the ammonium 
salts of the weak organic acids; f.c., those salts which are the most 
readily hj'drolj'zed into their basic and acidic components, and 
with those salts which are faintly alkaline in reaction; c.g., sodium 
ammonium hj'drogen phosphate. Any reduction of the triketo- 
hydrindene hj'drate under these circumstances must come from 
itself and the first action of the pyridine, or the weakly alkaline 
or dissociated salt must be the action of the hj^droxyl ions upon 
the triketone. Ruhemann has shown conclusively that the first 
action of alkalies upon triketohj'drindene hj^drate is the forma- 
tion of phenjdglyoxal-o-carboxjdic acid. 

/COy /CO . CHO 

CcH/ ^CO + H2O = CcH/ 

^COOH 

In other words, under the influence of weak alkalies the triketone 
itself can furnish the necessary glyoxal and the reaction would then 
proceed in the manner previously indicated. The formation of 
the yellow colored gljmxal can readily be observed on adding a 
few drops of 10 per cent aqueous pjwidine to the triketone. 

A necessary consequence of the hj^pothesis is that ammonia 
itself should give the ninhydrin reaction. Ruhemann inves- 
tigated the action of ammonia upon the triketone and found 
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that he obtained a deep brownish red solution, from which by 
acidification he obtained a compound he regarded as 2-o-carbo.\7- 
benzoylindoglyoxaline, 

— C— CO 

COOH.CeH^.CO.C^ 11 1 . 

\NH— C— CeH, 

The formation of the phenylglyoxal-o-carboxylic acid is evi- 
dent, and this undergoes condensation with ammonia and a sec- 
ond molecule of triketohydrindene hydrate. We have found, 
however, that in very dilute solution the reaction with ammonia 
follows the reaction with ammonium salts. In a concentration 
of 1 cc. = 0.05 mg. ammonia nitrogen no reaction is obtained 
on heating 1 cc. with 1 cc. of 1 per cent ninhydrin for 20 minutes 
in a boiling w'ater bath. In the presence of 1 co. of 10 per cent 
aqueous pyridine, the ammonium salt of diketohydrindylidene- 
diketohydrindamine is formed and the decomposition of the am- 
monia nitrogen is 0.013 mg., a figure not far removed from the 
constant given by ammonium salts. 

It is also easy to see why /3- and y-amino-acids have been found 
to give a faint ninhydrin reaction, and why acids with an amino 
group attached to a benzene ring fail to give the test, though we 
should expect that even here those aromatic amino-acids of which 
the amino group is readily hydrolyzed, would give a feeble posi- 
tive reaction. 


The Action of Reducing Agents on the Ninhydrin Reaction iridi 
Ammonium Salts. 

It is evident that reducing reagents which assist the production 
of diketohj'^drindol from triketohydrindene hydrate shoul m 
crease the amount of coloring matter formed with ammoni™^ 
salts. And this in general we have found to be the case. 
have examined a number of organic ’reducing agents which rom 
their Icnown reactions might be expected not to interfere wi 
the condensations which take place, and measured their in uenc 
on the amount of coloring matter formed. 

1 cc. of the standard solution of ammonium salt, 1 cc. of 10 pet^ 
aqueous pyridine, 1 cc. of 2 per cent ninhydrin solution, and c 
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reducing agent of the atrength hhown in Talile IV were liontcd together in 
a hoiling ^\nte^ hath for ‘JO niimitei and the amount of nitrogen decom- 
posed nas eatiinatod in the usual nai . Control caperiments on the reduc- 
ing agent and ninhydrin in prosem e of pyridine gave negative results. 


a MILL IV 


Amnioniijm 

H /lurjiir Oficnt 

Conccn- 
tntion o[ 
roducjnc 
ncont 

N 

decom- 

posed 



per cent 

mg. 

Chloride 

l!.tlulciie glvcol. 

10 

0 025 


it tl 

100 

0 035 

It 

Glycerol 

10 

0 027 

it 

it 

100 

0 032 


p-IIydro\ybcn- 

zaldohvde. 

1 

0 029 

tt 

j)-IIjdro\yben- 
zaldolij de. 

3 

0.032 

u 

Glucose 

0 5 

0 025 

tl 

it 

5 0 

0 032 

Xitratc 

it 

0 5 

0 027 

t( 

« 

5 0 

0 031 

Sulfate 

tt 

0 5 

0 026 

(( 

it 

5 0 

0 032 

-Acetato. . . . 

it 

0 5 

0 026 

it 

it 

5 0 

0 032 

Benzoate 

<■ 

0 5 

0 026 



5 0 

0 032 

Constant for ammonium salt.. 

1 cc. v.ater. 


0 025 


It will be seen that reducing agents have a distinct influence 
on the decomposition of ammonium nitrogen, though it is not so 
great as might have been expected, and in all cases a high concen- 
tration is necessary before the effect is shown. Thus a 0.5 per 
cent solution of glucose is without any influence and a 5 per cent 
solution only raises the decomposition from 50 to 64 per cent. 

The results with ethylene glycol and glycerol are of interest, 
as they have a distinct bearing on the claims of Halle, Loewen- 
stein, and Pribram'® that these substances themselves give a nin- 
h 3 ''drin reaction. They appear to act as very weak reducing 

'' Halle, W., Loewenstein, E., and Pribram, E., Biocliem. Z., 1913, Iv, 
357. 
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agents only, but this -will be discussed more fully in another com- 
munication. The poor results obtained go to show that the re- 
ducing agent which takes part in the ninhydrin reaction must 
be either a very specific one or exceptionally powerful. 

Of all the reducing agents we have examined dialuric acid is b}’ 
far the most interesting. This acid w'as shown hy Ruhemann'^ 
to give excellent yields of hydrindantin when heated with trike- 
tohydrindene hydrate, and we have repeated the observation sev- 
eral times in this laboratory; indeed, it is not necessary to heat 
the solutions, for in the concentrations at which we were working 
the hydrindantin rapidly crystallized out at the ordinary tem- 
perature. 


NH — CO 

I I 

CO CHOH -t- 2 CsH. 

1 I 

NH— CO 
Dialuric acid. 




/CO. 

^CO^^ 


NH— CO 

I 1 

C(0H)2 = CO C(OH)» + 

1 1 

NH— CO 

Alloxan. 


.CO. 

H.O -f- CsH/ )>CH— O- 

^CO^ 


/CO\ 
-C(OH) C.H, 
^CO^ 


Hydrindantin. 

A cold saturated solution of dialuric acid was prepared by dis 
solving the acid in hot water, cooling, and allowing the excess o 
acid to cr 5 '^stallize out over night (A). A second solution nas 
prepared by dissolving dialuric acid in hot water, of such a streng > 
that 1 cc. was capable of converting the whole of the triketo 
drindene h 3 ’^drate present in 1 cc. of a 2 per cent solution' in o 
hj-^drindantin according to the above equation (B). Such a 
lution of dialuric acid is supersaturated at ordinary temperatures, 
but as the dialuric acid does not crj'^stallize out immediate } , n 
difficultj^ is experienced in its use. Table V shows the c cc 
dialuric acid as a reducing agent on the ninhydrin 
ammonium salts, the experimental details being the sanie as ^ 
described on pages 330-331, and the figures representing, mn- 
ammonium nitrogen decomposed. 


n Ruhemann, J. Chem. Soc., 1911, xeix, 1310. 
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T\iu,r, V 


Ammonium mU. 

+ 1 CC of 
wntcr. 

Dnlunc ncid 

(A) 

(1!) 


mg 

mg 

mg 

Chloride.. 

0 02."» 

0 015 

0 031 

Nitrate 

0 

0 OM 

0 031 

Sulfate 

0 020 

0 Of} 

0 031 

-Vcctate 

0 023 

0 015 

0 032 

Uonroate 

0 020 

0 012 

0 031 


Tlie striking intlnoncc of small amounts of dialuric acid is at 
once apparent. The cold saturated solution of the acid raises the 
decomposition of the ammonium nitrogen to ncarlj' 90 per cent. 
The elTcct of the second solution of dialuric acid is not so marked. 
Here the solution contains a large excess of hj^drindantin and its 
effect is not so -great as that of smaller amounts; it is this fact 
that has induced in us the belief that hj^drindantm probably does 
not form an intermediate step in the ninhj'drin reaction. More- 
over, the colors produced in the second series are of a verj’^ red 
shade, making the matching with the standard verj^ difficult. In 
order to see if these red shades of color were due to the presence 
of alloxan or anj- derivative of it, or murexide, the hj’-drindantin 
formed by the interaction of the dialuric acid and the triketohy- 
drindene hydrate was filtered off, washed on the filter with a 
little cold water, suspended in 2 cc. of distilled water, and a quan- 
titative ninhydrin reaction was carried out with it. The solution 
obtained was extremely red in color and was found to contain 
only 0.013 mg. of decomposed nitrogen. A seeond experiment 
with pure crystallized hydrindantin gave an almost exactly simi- 
lar result. The production of the reddish yellow colorations, 
then, is brought about by the excess of hydrindantin which does 
not decompose readily to give the ammonium salt of diketohy- 
drindylidene-diketohydrindamine by the action of ammonia. 

As the action of the cold saturated solution of dialuric acid had 
raised the decomposition of the ammonium salt to nearly 90 per 
cent, it became of interest and perhaps of pi-actical importance to 
see if conditions could not be found under which the decomposi- 
tion would become quantitative. Consequently a series of e.x- 
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In tlie preceding paper Harding and Warneford’ have exam- 
ined and discussed tlic interaction of amino-acids and ammonium 
salts with trikctoliydrindcnc hydrate (ninhydrin). They showed 
that the ninhydrin reaction with amino-acids could be explained 
by adopting the hypothesis of Dakin and Dudley^ which supposes 
the decomposition of tlic amino-acid into ammonia and the cor- 
responding glyoxal, 

RCHNII, . COOII-»RCO . CHO -t- NH, 

the glj'oxal acting as the reducing agent. They showed that the 
ninhydrin reaction with ammonium salts, first pointed out as a 
general reaction by Neuberg,^ only took place in the presence of 
hydrox'jd ions, and that these had been observed by Ruhemann'* 
to hydrolj'ze triketohj'drindcne hydrate to phenylglyoxal-o-car- 
boxjdic acid.^ 


' Harding, V. J., and tVarneford, F. H. S., J • Biol. Chem., 1916, xxv, 319. 
= Dakin, H. D., and Dudley, H. \V., J. Biol. Chem., 1913, xv, 127. 

’ Neuberg, C., Biochem. Z., 1913, Ivi, 500. 

' Ruhemann, S., J. Chem. Soc. 1910, xcvii, 2026. 

In this and the preceding paper triketohydrindene hydrate has some- 
times been written as the triketonc for the sake of simplicity in explaining 
the decompositions. Its true formula, as pointed out by Ruhemann is. 


CdH, 


/CO\ 


C{OH)ii 


and it will be found that wo have used this where the reactions could be 
more clearly shown by its use. 
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/COv /CO.CHO 

CcH/ \cO + HjO = CeH/ 

\C00H 

In this way the requisite glyoxal was produced and the two scries 
of facts were brought into agreement. 

There still remains, however, the second criticism hroiiglit 
against the ninhydrin reaction by Neuberg,® who noticed that a 
large munber of organic bases give a positive test with triketo- 
hydrindene hydrate. This is in contradiction to the statement*: of 
Abderhalden and Schmidt.® 

In our experimental method we have followed the same pro- 
cedure as that adopted in the previous paper. The bases exam- 
ined were tested in varying concentration, with and without the 
pre.sence of pyridine, and the general results followed those ob- 
tained with ammonium salts. 


TABLE I. 





Solution 1 cc = 0 05 mg N 









1 per cent 
nmhydrin 

1 per cent 
mnhydrm 
and 

pyridine 

2 per cent 
nmhj dnn 
nnd 

p> ridiDc 

Methylamine 

Strong reaction 

No reaction 

mg 

0 041 

fng 

0 045 

Ethylamine 

« « 

ft 

ft 

0 037 

0 014 

Allylamine 


ft 

tt 

0 021 

0 022 

Pentamethylenedia- 

mine 

Reddish shades. 

ff 

(t 

+ 

-b 

Glucosamine 

Strong reaction. 

ft 

ft 

0 043 

0 Oic 

Ethjl glycocoll 

« « 

« 

tt 

0 036 

0 037 

Phcnocoll 


tf 

tf 

0 021 

0 021 

Isopropj'lamme 

No “ 

ft 

tf 

No reaction 

Aniline 

{( tf 

ft 

tf 

tt 


Diethylamine 

ti tf 

ft 

tt 

it 


Diisopropylamine 

« (( 

tt 

tf 



co-Aminoacetophe- 

none 

if tf 

ft 

ft 

tt 

tt 


It is seen from an inspection of Table I that those bases which 
react with triketohj^drindene hydrate do so in relatixmly high con 


® Abderhalden, E , and Schmidt, H , Z. ■physiol. Chem., lOlh 
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cent ration only. "N^nicn in very dilute solution (1 cc. = 0.05 mg. 
amino nitrogen), no reaction is obtained. In the presence of py- 
ridine, however, those bases which react in the higher concentra- 
tion are found to react even in the very dilute .solution. In this 
re.spect the ninhydrin reaction with amines followt? that with am- 
monium salts. It is to be noted that if a base does not react with 
trikctohydrindene hydrate alone wlien in the higher concentra- 
tion neither does it do so when in the lower concentration and in 
the presence of pjTidine. Furthermore, the amount of coloring 
matter (ammonium salt of diketohydrindylidene-diketohydrinda- 
mine) formed by the reactive bases in dilute solution in presence 
of pj-ridine is not constant, as it is in the case of the ammonium 
salts. The amount of color formed is distinctlj^ and clearl}^ de- 
pendent on the constitution of the amine from which it is formed, 
a jDoint which we will discuss later. The identitj' of the coloring 
matter was proved b}’ the three tests mentioned in the previous 
paper.' The constitution given to this compoimd. 


/CO. /CO. 

CcH,<^ ^C - N» = C<^ ^CeH^ 

C (ONH.) 


and its formation by the interaction of certain bases with trikcto- 
hydrindene hydrate, mean a complete decomposition of the am- 
ines, in order to supply the nitrogen atom marked with the aster- 
isk. The salt need not necessarily be an ammonium salt, as a 
salt with an organic base would fit the facts equally well, but the 
substitution of any other group for the nitrogen atom marked 
with the asterisk, or an alteration in the linkages, would cause a 
marked alteration in the absorption spectrum. In explaining the 
mechani.sm of the ninhydrin reaction with amino-acids, the nitro- 
gen atom wms supplied by the decomposition of the acid into the 
corresponding glyoxal and ammonia, the former causing a reduc- 
tion of the triketone to 1, 3-diketohydrindol, 




CO 

CO 




CHOH 


which condensed with loss of water w'ith the ammonia. 
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/COn /CO^ 

CsHiC ^CHOH + NHj = CcH/ 


CHNHj+HjO 


A second molecule of triketohydrindene hydrate then condensed 
with the 1, S-diketohydrindanoine 



to give diketohydrindylidene-diketohydrindamine. In tiie re- 
action with the ammonium salts the glyoxal was supplied by tlic 
hydrolysis of part of the triketone, the ammonia necessary to sup- 
ply the nitrogen atom coming from the ammonium salt. Tire pro- 
duction of ammonia, however, from such organic amines as methyl- 
amine and ethylamine is a matter of difficulty. Such bases do 
not hydrolyze readily into the corresponding alcohol and am- 
monia. Any dissociation theory, such as that of metbylaminc 
into ammonia and methylene,’ 


CHsNHs CH--. + NSs 

has not sufficient facts in its favor to warrant its assumption- 
Moreover, such a dissociation theory would fail to explain f le 
negative reaction with isopropylamine. 

As the ninhydrin reaction with amines is clearly dependent on 
the constitution of the base, it becomes important to see if some 
insight into its mechanism cannot be gained by a classification o 
the bases, according to their action towards triketohydrindene ij 
drate and to their chemical con-stitution. This has been done an 
the results are given in the following tables. 

In tabulating our own results we have alwajm taken into con^ 
sideration the concentration of the base, and a negative 
given by us means that the base gives no blue coloring 
when 1 cc. of a 1 per cent solution is heated with 1 cc. of 1 por 
ninhydrin solution in a boiling water bath for a period of 20 minu 

’’ Compare Hurtlcy, W. H., and Wooton, tV. 0., J. Client. Soc., 
xeix, 291. 
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TABIX II. 


T}ivc: nCIIjNII,. 


Ba.«o. 

Mctliylaminc. . 

Etliylnminc 

Isolnitylaniinc 

Isoaniylaminc. 
Hcxylaminc. . . 

-•Mlylaminc. . . . 


Bcnzylaminc 

Phonylcthylaminc 

p-Hydro.'cyplicnyl- 

ethylainino 

fl-ltninazolcthyla- 

mine 

(3-In(lolcthylaminc 

Ethylencdiaminc 

Tetramethylcncdia- 

mine 

Pentamcthylenedia- 

mine 

Aminoethjdalcohol 

Aminoacetal 

• Aminoacctaldchydc.. . . 

Ethyl gly cocoll | 

Phenocoll 

a-'-Aminoacetophcnone . 
Taurine 


Observer. 

ki 

0 

K 

Rcm.arks. 

Xcuberg. 

+ 


Harding and MacLcan. 

+ 


Xcuberg. 

-i- 


Harding and M.acLcan. 

+ 


Xcuberg. 

+ 

Somewhat red- 

Cl* 

-t- 

dish. 

i 

U 

+ 

Reddish. 

It 


Yellowish red. 

Harding and MacLcan. 

+ 

Reaction readily 

Neuberg. 

-I- 

identified. 

Reddish. 

Cl 



« 

+ 


<1 



II 

4* 


Cl 

-1- 


II 1 

+ 





> 

+ 

Reddish. 

Harding and MacLean.; 

Neuberg. 

-b 


11 

-1- 


Cl 

+ 


Ruhomann. 

— 1 


Harding and MacLean. 

-b 


II II « 

1 

T 


Neuberg. 

+ 

In presence of so- 

II 

+ 



dium acetate. 


The results given by this type of amine are clear and unequivo- 
cal. The only two exceptions previously known, i.e., allylamine 
and ethyl glycocoll, on examination are shown to be errors. The 
finding with ethyl glycocoll (H2NCH2CO2C2H6) and phenocoll 
(C2H6OC6H4NHCOCH2NH2) IS of great interest as it finally dis- 
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poses of the claim of Ruhemann® and Abderhalden and Schmidt' 
that it is necessarj' for both the carboxjd and amino group of an 
amino-acid to be unsubstituted in order to obtain a positive re- 
sult. The carboxjd group ma3' be substituted, but substitution 
on the amino gi'oup certainl3' prevents the reaction (Irippuric 
acid). 

TABLE III. 


Type: RjCHKH;. ' 


Base- 

Observer. 

Isoprop vlamine 

Harding and MacLean. 
Neuberg. 
Abderhalden and 

J Schmidt. 

Neuberg. 

Harding and MacLean. 

Camphylamine. . . . 

Glucosamine 


Reac- 

tion. 


-t- 

+ 


Remarks 


Reddish. 


Strong reaction. 


The ver3’ small number of bases of this type vhicli have been 
examined makes it difficult to draw definite conclusions. It 
would appear, however, that simple bases of this t3T6 do not react 
with triketoh3'drindene hydrate (isoprop3’’lamine and campbila- 
mine). In the case of glucosamine, where we found an undoubted 
reaction, we have a negative aldeh3'^de group on the carbon atom 
adjacent to the amino group, a fact which is well known to increase 
the reactivit3’’ of the neighboring groups, and the explanation o 
the reactu'it3’ of glucosamine ma3’' be sought in this direction. 
Moreover, it must not be forgotten that the amino-acids vr uc 
are obtained b3’' the hydroR’sis of proteins and which show t e 
greatest reactmt3’', belong to this group (except gtycine). 
ber of di- and tri-peptides, quoted b3'’ Abderhalden and Sc nu 
as givnng a positive reaction, are also to be classed in this categorj j 
so that the position occupied by glucosamine is not an 
one. As a consequence we are brought to the conclusion that 
grouping RsCHNHj, when one of the radicles is negative in c lar 
acter, reacts with ninhydrin, otherwise it is xmreactiye. _ 

TNfith the exception of the two tertiar3' amino-acids 
b3’' Ruhemann, bases of this t3q)e do not give an3' reaction 
ninh3'drin. Tlie two exceptions mentioned probabR g*' ^ ^ ^ 

® Ruhemann, J. Chem. Soc., 1911, xeix, 79S. 
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TAHLC I\ . 

Type: RjCNII:. 


Base. 

Ob«orNor 

Reaction 

ct- Aminoisobutvric acid 

Ruhemann. 

+ 

a-.\iniTioot\iy\biilync acid ... . 

(C 

-h 

/S-Aminocrofonic ester 

Neuberg. 

— 

-ideninc 

tt 

— 

Guanine 

J -Vbdcrhalden and Schmidt. 

— 

\ Harding and MacLean. 

— 

Aniline 

f Neuberg. 

- 

\Harding and MacLean. 

— 

Benzidine 

« C( (( 

— 

p-.tminoacetophenone 

It It It 

- 


tive reaction on account of the ease until which tertiary amino- 
acids lose ammonia to form unsaturated acids. Indeed, Ruhe- 
mann® himself makes the observation that these two amino-acids 
required boiling with the reagent in order to give the reaction, 
whereas the other amino-acids only required warming. 


TABLE V. 

Types: R-NH and R,N. 


Base, 

Obsen cr. 

Reaction 

Diethylamine 


Neuberg. 

, Harding and MacLean. 

- 

Diisopropylamine 

It ti It 

- 

Diisobut3damine 

It t( ft 

— 

Piperidine 


Neuberg. 

Harding and MacLean. 


Adrenaline 

1 

Neuberg. 

Harding and MacLean. 


Indole 

Neuberg. 


Skatole . 

Harding and MacLean. 

— 

Trimethj’lamine 

It If if 

- 

Triethjdamine 

1 

Neuberg. 

^Harding and MacLean. 


Pj’ridine 

{ 

^Neuberg. 

^Harding and MacLean. 

— 

Quinoline 

1 

Neuberg. 

, Harding and MacLean. 


Isoquinoline 

Neuberg. 

— 


Red shades. 
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With the exception of adrenaline secondary and tertiary base? 
are unreactive towards triketohydrindene hydrate. The insta- 
bility of solutions of adrenaline is well Icnown and this e.vception 
can well be explained in this way. 

It is evident, then, that there are only two general classes of 
organic bases which give the ninhydrin reaction, RCHjNH: 
and RsCHNH; where one radicle is strongly negative in charac- 
ter. 

In attempting to explain the ninhydrin reaction with these 
classes of, organic bases, two facts must be borne in mind; (1) 
The reaction does not take place when the amine is in very dilute 
solution, unless in the presence of pyridine; i.e., it parallels the 
reaction with ammoniiun salts. (2) The extent of the reaction 
depends on the constitution of the amine, the simpler amines be- 
ing the more reactive unless a negative group is present (Table I). 

In the previous paper we have shown how the analogy between 
triketohydrindene hydrate and alloxan enabled Ruhemann to ar- 
rive at the constitution of the blue color produced by the interac- 
tion of triketohydrindene hydrate and amino-acids. The analogy, 
however, between the formation of murexide from alloxan and its 
derivatives and the formation of the ammonium salt of diketo- 
hydrindylidene-diketohydrindamine in the ninhydrin reaction is 
muph closer than has previously been recognized. In Tables M 
and VII we have collected the results of the different investigators 
in the two fields. In Tabic VT we have collected the w'ork of 
Ruhemann. The analogies, which were first d’ awn b}" him, are 
very clear and striking and extend not only to the methods of pre- 
paration of the compounds but to many of their physical an( 
chemical properties. This is particularly striking in the case o 
the formation of chromo salts. It also shows the formation o 
7-ethyIuramiI by the action of ethylamine on alloxantin, an o 
servation which is as yet unknowm in the hydrindene senes. 
Table VII shows the relationships in the formation of murexi e 
and the ammonium salt of diketohydrindylidene-diketohy nn 
damine. It shows that murexide can be formed by the ae ion 
of ammonia, alanine (amino-acids), or ethylamine upon a oxai 
or alloxantin. If the analogj'^ is a true one it is not 
then, to find that ammonia and ammonium salts, and orgam^ 
bases of the type of ethylamine, in addition to amino-act s ra 
with triketohydrindene hydrate to give the ninhydrin reac i 
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TABLE ATI. 

The Relationship of Mvrexide and the Ammonium Salt of Dikeiohydrindyli- 
dene-dihelohydrindamine. 


Murexide. 

Ammonium salt of diketobydrindylidcne- 
diketohydrindamine. 

Preparation 

from 

By the action of 

Preparation 

from 

By the action of 

Alloxan. 

Ammonia in alco- 
holic solution. 

Ethylamine. 

Amino-acids. 

TriketohA'- 

drindene 

hydrate. 

Ammonia in verj- 
dilute solution in 
presence of pyri- 
dine. 

Ethylamine. 

Amino-acids. 

Alloxantin. 

.Ammonium ace- 
tate and carbo- 
nate. 

Ethylamine. 

Amino-acids. 

Hydrindan- 

tin. 

Ammonium acetate 
and carbonate. 

.Amino-acids. 

Uramil. 

I* or HgO. 

.Alloxan in pres- 
ence of ammonia. 

1,3-Diketohy- 

drindamine. 

Air, 

7-Ethyluramil. 

.Alloxan. 


_ 


The papers of Piloty and Finckh,® Slimmer and Stieglitz, 
Mohlau,*^ and Mdhiau and Litter'- supply us Buth the clue to 
the ninhydrin reaction with amines. The similarity of the reac- 
tion with amines to that with ammonium salts in requinng t ic 
presence of large amounts of base or the presence of pjTidine, 
again suggests that the production of phenylglyoxal-o-carbo-AT >c 
acid represents the first stage in the mechanism 

.CO\ .CO.CHO 

CeH^ >CO + H-O = CsHZ 

^00-^ xcoOH 


’ Piloty, O., and Finckh, K., Ann. Chem., 1904, cccxxxiii, 22. 

Slimmer, M., and Stieglitz, J., Am. Chem. J., 1904, xxxi, 661 
“ oMohlau, R., Ber. chem. Ges., 1904, xxxvii, 26S6. 

Mohlau, R., and Litter, H., J. prakt. Chem., 1906, Ix.'oii, LI.. 
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and that this acts as a reducing agent giving 1, 3-diketohydrindol 
or hydrindantih. 




CIIOH 


The action of ethylaminc on alloxantin, as observed by Piloty 
and Finckh,’’ Slimmer and Stieglitz,*® and Moldau and Litter, 
gives 7-ethyluramil, and there is no reason to suppose that the 
action of eth 3 ’-lamine on 1, S-dikclohj'drindol or on hj'-drindantin 
would not produce 1, 3-diketoethjdhj’^drindamine. 


.CO. 


CIIXHCdh 


Just as 7-ethyluramil and alloxan in the presence of ammoniac- 
give the ammonium salt of purpuric acid (murexide) and ethyl 
alcohol 


NH - CO 

1 1 

CO 

1 

- NH 

1 


II II 

CO CHNHCjHt -1- C (OH)s CO = HsO + C.-HjOH + 

II II 

1 1 

NH - CO 

1 

CO 

1 

- NH 


NH-CO 

CO - NH 

NH - CO 

CO-NH 

1 1 

1 i 

NH, 1 1 

1 1 

CO CH - N 

1 1 

= C CO 

1 1 

— > CO c - : 
1 11 

< = C CO 

1 1 

1 1 
NH-CO 

1 1 
CO-NH 

1 II II 

NH - C (ONHd CO - NH 

Purpuric acid. 


Murexide. 



so it would be expected that 1, 3-diketoethylhj"drindamine and 
triketohydrindene hj-^drate would undergo a similar condensation 
to give diketohydrind 3 didene-diketohydrindamine 



CO 

CO 


\ 

/ 


^CO\ 

CHNHC^Hs + C(0H)2 CsH, = H =0 + C2H5OH 
^CO^ 
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liquid with 1 cc. of 1 per cent ninhydrin solution in a boiling Avater 
bath for a period of 20 minutes, can be used as means of over- 
coming these difficulties. Even here, however, the solution must 
be free from large amounts of phosphates as these would tend to 
act like p 3 Tidine and, giving a few hydroxyl ions,. cause a positive 
reaction with ammonium salts and certain amines. 

These same criticisms apply with equal force to the quantita- 
tive reaction discovered by us.*’ It is only in the absence of large 
amounts of ammonium salts and bases that the method will jneld 
accurate determinations of amino-acid a-nitrogen, conditions 
which are fulfilled in the hj'^drolysis of proteins by pancreatic 
enzymes.*'* 

The removal of ammonium salts and reactive amines, however, 
does not present insuperable difficulties, and it is hoped shortlj' to 
present a method of determining amino-acid a-nitrogen in physio- 
logical fluids. 


A large part of the experimental work described in this paper 
was carried out in the Biochemical Laboratory of Cornell Uni- 
versity, Ithaca, N. Y., during the summer of 1915, and we wish to 
thank Professor S. Simpson and Dr. J. B. Sumner for the facili- 
ties they extended and for the many kindnesses received at their 
hands. Thanks are also due to Messrs. Parke, Davis and Com- 
pany for the specimen of pure adrenaline. 


SUMMABY. 


1 . The ninhydrin, Reaction is given by 
type IICH2NH2, ai^ i^H2 where cn 


character. 

2. Other bases 
oxidized give tht- 

3. With the *^1 
strongest reactic 

4. Amides give 

5 . Guanidine 


rlily yield - 
eaction. 
nd in the ■ 
'1 - simp’ 
ith I’l 
es give 


3S of dKv * 

egative ‘ 


re'i' 


J. 
... 1 


” Harding, V. J., 
“ Harding and IM 



THE INFLUENCE OF ALKALI AND ALKALINE EARTH 
SALTS UPON THE RATE OF SOLUTION OF 
CASEIN BY SODIUM HYDROXIDE. 

Bv T. BBAILSl'OHD KOBERT.'^OX and K. MIYAKE. 

(From the ItudoJph SprcckclR Plnjaiologirnl Laboratory of the Vniversiti/ of 
California, licrkdey ) 

(Received for iiulilicntion, May 4, 1010.) 

One of^lhc ^\Titcrs‘ has i>rovioii.‘^Ij' shown that when casein is 
shaken or stirred up in an alkaline solution, it dissolves rapidly 
at first, but later witli .clownc.';.*, and the relation between the 
time of stirring and the .amount of casein dis'olved obeys very 
accuratelj' the relation x == KC", where .t is the number of grams 
of casein dissolved, I is the time, and K and m ai e constants which 
depend upon the concentration and kind of alkaline solution 
employed as solvent, and upon the total mass of casein present 
in the mixture. It appeared of interest to ascertain whether 
or not this relation held good in the presence of alkali or alkaline 
earth salts in the solvent, since these have a great influence upon 
the swelling and also upon the coagulation of colloidal substances, 
and, if the same relation exists when such solvent mixtures are 
employed, what influence these salts have upon the values of 
K and vi. Accordingly the following experiments were under- 
taken. 

The casein which was employed was Kahibaum's casein nach 
Hammersien, speciallj" purified by washing in distilled water, 
absolute alcohol, and ether according to the method described 
in a previous communication.^ 

The method of investigation which we adopted was that de- 
scribed in the previous paper that is, 100 cc. of the solvent were 

' Robertson, T. B., J. Phys. Chem., 1910, xiv, 377; J. Biol. Chem,, 1913, 
xiv, 257 ■, Arch. ges. Physiol., 1913, clii, 524. 

^ Robertson, J. Phys. Chem., 1910, xiv, 377, 528 
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placed in a 400 cc. beaker of squat form and agitated by a flat- 
tened glass rod which was bent at right angles, the plane of the 
horizontal arm being somewhat inclined to the vertical, so as to 
communicate an upward thrust to the rotating liquid. The 
stirrer was rotated at an approximately constant rate by a small 
electric motor. lATiile stirring, 5 gm. of casein were dropped into 
the fluid. At stated intervals samples of the mixture were almost 
instantaneously extracted by means of a 10 cc. pipette which 
was provided with a rubber bulb. The samples were then very 
rapidly filtered through lightly packed glass wool. Using a 
Pulfrich refractometer, the angle of total reflection (i) of the 
filtrate from each sample was measured and its refractive inde.r 
thus determined. Denoting the refractive index of the filtrates 
from any given sample by n and that of the pure solvent by ni, 

the quotient - - r - j - is the number of grams of casein dissolved 
O.UUlo^ 

in 100 cc. of the solvent at the moment when the sample was 
extracted.® 

For the standard solvent we used 0.016 N sodium hydroxide 
solution. The salts employed were lithium, potassium, and 
sodium chlorides in the concentrations of 0.5 N, N, and 2 N and 
calcium, strontium, and barium chlorides at the concentrations 
of 0.005 N, 0.01 N, and 0.05 N. 

Though it was previously proved by one of the writers- that 
temperatures lying between 20° and 36°C. do not affect the rtfe 
of solution of casein in solutions of the hydroxides of the alka les, 
in these experiments w'e maintained a fairly constant temper 
ature, placing the stirring machine in a small double walled room 
warmed by an electric hot plate set at “Low.” The temperature 
through the experiments lay between 22° and 24°C. 
perature during the progress of each experiment is given, 
cqjii^nn headed “Calculated” are given the values of a: ca cu a c 
' 3. Witii above formula, the constants K and m being determine^ 
strongest r results of the observations, employing for this 

4. Amides^g x = log K rn log t. The results obtaine 

5. Guanidi 

“ Harding, V. j. Phys. Chan., 1009, xiii, 469. 

“ Harding and 
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lAJiu: 1 . 


t 

\ 

n 

Cvein i!i 100 CC of soUent 

A 




Ob^vrxed. | Cniculatcd. 

(Difference ) 


Solvent; O.OIG x XaOH. i = GS.Oo. ni = 1.329250. Temperature; 23.5 
- 21 CC. K = 2.371. m = 0.151. 


min. 

1 


cm. 

gm. 

[ 

5 

G7.07 

1.333711 

2 OS 

3 02 


10 

GO 57 

1.331497 

3 45 

3 3G 


30 

GG.45 

1.335415 


3 9G 


GO 

GG.3S 

1 335990 

4 43 

4 40 


120 

GO. 32 

1.33G170 

4 73 

4 91 



Solvent; O.OIG x XaOH + 0.5 x LiCl. i = CC 45. ni = 1.835445. Tem- 
perature: 22.5 - 23.0°C. K = 1.640. m = 0 21G. 


0 

GG.Ol 

1 33S950 

2 31 

2 32 

-t-0 01 

10 

05.53 

1 339597 

2 73 

2 70 


30 

G5.40 

1 310G50 

3 42 

3 42 

±0 00 

GO 

G5 30 

1 341470 

3 90 

3 97 

-fO 01 

120 

05.18 

1 342454 

4 Cl 

4 61 

-0 00 

SA = -0 01 


Solvent; 0.010 x NaOlI -f- 1.0 X LiCl. i = G5.3G. ni = 1.34077S. Tem- 
perature: 22.5 — 23.0'’C. K — 1.471. m = 0.223. 


5 

04. 5S 

1 34410G 

2 19 

2 11 

-0 OS 

10 

64.53 

1 344521 

2 46 

2 47 

-i-0 01 

30 

G4.41 

1 31552G 

3.12 

3.14 

+0 02 

60 

64.32 

1 34G274 

3 62 

3 67 

-fO 05 

120 

04 20 

1 347280 

4 28 

4 28 

=±=0 00 

SA = =fc0 00 


Solvent: 0.016 x NaOH -1- 2.0 N LiCl. i = 63 33. n. = 1.351292 
Temperature: 22.5 - 23.0°C. K = 0.977. m = 0 223. 


5 1 

63.10 

1 353270 

1.30 


+0 10 

mm 

63 05 

1 353705 

1 59 

1 63 

+0 04 


62 55 

1 354575 

2 16 


-0 07 

mm 

62 49 

1 355097 

2 50 

2 43 

-0 07 

120 ' 

1 

62.43 

1 355619 

2 85 

2 84 

-0 01 

SA = —0 01 
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TABLE 1— Continued. 


t 


n 

Casein in 100 cc. of solvent. 

1 

A 

(Difierencc.j 


i 

1 


Obsen'ed. j Calculated. 


Solvent: 0 016 x MaOH + 0.5 x XaCl. i = 67.05. ni = 1.333S70. 
Temperature; 22.0 — 23.0°C. K = 1.397. in = 0.225. 


rmn. 1 

1 



gm. 

gm. 

5 

66 26 

1.336950 


2.01 

-0.02 

10 


1.337430 


2.35 

+0.01 

30 


1.33S390 


3.00 

+0.03 

60 

65 57 

1.339273 

1 3.55 

3.51 

-0.04 

120 

65.47 

1.3400S3 

4.09 

4.10 



Solvent: 0 016 x XaOH -r 1.0 x JfaCl. i = 66.06. ni = 1.33S550. 
Temperature; 22 0 - 23. 0°C. iT = 1.122. rn = 0.228. 


5 j 
10 1 
V. 30 

60 

120 

60 35 

65 30 

65 21 

05 13 

65 04 

1 341060 

1 341470 

1 34220S 
1.342854 
1.34360S 

i 1 

1.65 

1.92 

2.41 

2.84 

3.33 

i 

1.62 

1.90 

2.44 

2.85 

3.34 

-0.6? 

-0.02 

+0.03 

+0.01 

+0.01 

2A = —0.00 

Solvent: 0 016 x 

XaOH + 1.0 X KCl. i = 

65.56. Til 

= 1.339354. 

Temperature; 22.5 — 23.0'’C. K — 1. 

.263. m = 

0.221. 

0 

05 22 

1 342126 

1.82 

1.80 

-0.02 
+0.01 
+0.65 
-0.01 
-0 03 
— — O.OfJ 

10 

65 17 

1.342536 

2.09 

2.10 

30 


1.343359 

2.63 

i 2.68 

60 

64 5S 

1 344106 

3.13 

3.12 

120 

64 48 

1.344938 

3.67 

3.64 


Solvent; 0 016 x XaOH -f 2.0 x KCl. i = 64.10. m = 1-3^5130. 
Temperature; 22 5 - 23.0°C. K = 0.44G. m = 0-2-13. 


\ ** * * — ^ 

5 

10 

30 

60 

120 

N63.5S 

03.56 

63 52 

63 V 9 

63.44 

1 349150 

1 349320 
1.349830 
1.349916 
1.350346 

0.67 
0.7S 
1.01 
1.18 ' 
1.46 

1 

0.06 
0.7S 
1.02 
. 1.21 
1.43 

-O.OI 
iO.OO 
+0.01 
+0.03 
-0.03 
= —0.00 











T. B. Robertson and K. Mij^ake 


355 


T.vni.n :~Ct)niintict/. 


f ^ 

. i 

1 ” ^ 

Ct-cin in 100 cc ofsoUont i 

1 

! A 

i 

1 


Ob‘tcr\ccl 1 Calcuhtod, 1 

(DifTcrcncc ) 


Solvent: O.OIG N XaOII + 2 0 n XaCl i = Cl 20. m = 1.317280. 
Tcmpor.aturc: 22 0 - 23 0°C. K = 0 3C3. rn = 0 270. 


min. 

5 

10 

30 

GO 

120 

GI 10 

G4 OS 

Cl 01 

Gl 00 

G3 5G 

1 

1 31S130 

1 31S300 

1 31S61Q 

1 31S9S0 

1 310320 

1 

(jm 

0 5G 

0 G7 

0 S9 

1 12 

1 31 

■1 

gm. 

=fc0 00 
+0.01 
+0 02 
-0 02 
-0 02 

2A = -0 01 

■Solvent: 0 OIG n 

XaOH + 0 5 N 

KCl. i = 

■ OG 5G. m 

, = 1 331576. 

Temperature: 22 5 — 23 0°C. /v = 1 

077. m = 

0 207. 

o 

1 00 12 

1 1 33S070 

1 2 30 

1 2 31 

1 +0 01 

10 

GO 01 

1 33S7I0 

2 72 

2 70 

-0 02 

30 

05 51 

1 339759 

' 3 11 

3 39 

-0 02 

GO 

05 11 

1 310.5G9 

3 91 

3 91 

-0 03 

120 

65 31 

1 3113SS 

4 IS 

1 52 

+0 01 






SA = +0 01 


Solvent : 0 OIG v XaOH + 0 005 k CaCI;. i = G7 59. 7ii = 1 329706 
Temperature. 23 0 - 23 5°C. K = 1 72S. m = 0 197. 


0 1 

67 13 

1 33321G j 

1 2 33 

2 37 

+0 01 


67 00 

1 333792 


2 72 

+0 03 


GO 52 

1 331892 

3 41 

3 38 

-0 03 


GG 43 

1 335603 

3 88 

3 87 

-0 01 


GG 32 

1 33G470 

i 

4 45 

4 14 

-0 01 
2A = +0 02 


Solvent: 0 OIG K XaOH + 0 01 .v CaCb. i = 67 5S m = 1 3297S2 
Temperature: 22 0 — 23 O’C. iv = 1 365 m == 0 213 


5 

67 20 

1 332700 

1 92 

1 92 

mmmm 


G7 15 

1 33.3090 

2 18 

2 23 



67 03 

1 334006 

2 78 

2 82 


GO 

GG 52 

1 331892 

3 36 

3 37 


120 

GG 42 

1 335682 

3 88 

3 78 

-0 10 

2A = -0 00 
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TABLE 1— Continued. 


t 


n 

Casoin in 100 cc. of solvent. 

A 




Observed. | Calculated. 

(Difference ) 


Solvent:* O.OiexXaOH + O.Oox CaGl,. i = 67.55. n, = 1.330010. 
Temperature; 23.0 — 23.5°C. K = 0.459. m = 0.172. 


min. 

i 


gm. 

gm. 

gm. 

5 

67.49 

1.330467 

0.60 

0.60 

=t0.00 

10 

67.48 

1.330544 

0.70 

0.68 

-0.02 

30 

67.47 

1.330650 1 


0.82 

-0.03 

60 

67.46 

1.330698 

0.91 

0.93 

+0.02 

120 

67.45 

i 

1.330775 j 

1.01 

■ 1.05 

+0.61 

2A = +0.01 


Solvent: 0.016 N NaOH + 0.005 x SrClj. i = 67.56. ni = 1.329934. 
Temperature: 22.5 — 23.0°C. K = 1.641. m = 0.200. 


1 

0 

' 67.12 

1.333324 

2.23 

2.27 1 

+0.04 

10 

67.05 

1.333S70 

2.59 

2.60 ’ 


30 

66.51 

1.334971 

3.31 

3.24 

-0.07 

GO 

66,42 

1.3356S2 

3.78 

3.72 

-0.06 

120 

66.34 

1.336310 

4.19 

4.27 

+0.OS 
= ±0.00 


Solvent; 0.016 x NaOH + 0.01 x SrCh. i = 67. 5S. m = 1.3297S2. 
Temperature; 22.0 — 23.0°C. K = 1.135. m — 0.233. 


O 

67.24 

1.332392 

1.72 

1.65 


10 

67.19 

1.332778 

1.97 

1.94 


30 

67.09 

1.33355S 

2.4S 

2.51 


60 


1.334182 

2.89 

2.96 


120 

66.50 

1 . 335050 

3.47 

3.48 

SA = 

Solvent 

:* 0.016 X KaOH + 0.05 x SrCl:. i 

= 67.45. r!i = 1 

Temperature: 22.5 - 23.0'’C. K = 0.462. m = 

0.214. 

5 

67.39 

1.331237 

1 0.61 

0.65 


10 

67.37 

1.331391 


0.76 


30 

67.35 

1.331545 


0.96 


60 

67.34 

1.331622 

1.12 

l.Il 


120 

67.33 

1.331699 

1.22 

1.29 

SA = 


-0,07 

-0.63 

+0.63 

i-0.07 

+0.01 


+0.61 

—0.03 

-0.03 

-O.OI 

h0.07 
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.TATiLE I— Concluded. 


/ 

i 

n 


A 




Ob‘5cr\cd j Calculntcd 

(DifTcrcnco ) 


Solvent; 0.010 n KnOlI + 0 005 x BaCI;. i = 07 5S. ni = 1 329782. 
Temporatnre: 23 0 - 21 0°C K = 1 OGO. m = 0 189. 


mui. 

5 

10 

30 

GO 

120 

07.14 

07 07 

GO 55 
■ GO 47 

GO 39 

1 333 IGS 

1 333711 

1 334055 

1 335287 

1 335910 

17 m. 

2 23 

2 59 

3 21 

3 02 

4 03 

gm. 

2 25 

2 57 

3 10 

3 GO 

4 10 

gm 

+0 02 
-0 02 
-0 05 
-0 02 
+0 07 

SA = ±0 00 

Solvent 

0 010 X NaOII + 0 01 X 

BaCIj i 

= 07 59. n, = 1 329700. 

Toinperaturo; 22 0 — 23 0°C. K = 0 842. m = 

0 240. 

S 

07 34 

1 331022 

1 20 

1 21 

-0 02 

10 

07 31 

1 331853 

1 41 

1 40 


30 

07 21 

1 332023 

1 92 

1 91 

-0 01 

GO 

07 14 

1 333108 

2 28 

2 25 


120 

07 07 

1 333714 

2 64 

2 GO 



Solvent;* 0 010 x XaOH + 0 05 x BaCU. i = 07 44. n, = 1 330852. 
Temperature; 23 0 — 24 0°C. 7f = 0 221. m — 0 243. 


5 

07 41 

1 331083 

0 so 

0 33 

+0 03 

10 

07 40 

1 331100 

0 41 

0 39 

-0 02 

30 

G7 39 

1 331237 

0 51 

0 5.1 

±0 00 

GO 

07 38 

1 331314 

0 61 

0 60 

-0 01 

120 

07 37 

1 331391 

0 71 

0 71 

±0 00 

2A = =1=0 00 


* Owing to the cloudiness of the solution obtained, it was diluted with the 
same volume of the solvent. The amount of the casein dissolved in 100 cc. 

. ,. , . , n — ni 

solvent was, therefore, calculated according to the formula 2 X q 00152’ 

The possible experimental error in the determination of the 
concentration of a casein solution bj'^ means of its refractive 
index is always 0.07 gm. per 100 cc. It will be seen from Table I 
that the observed and calculated values of x are very close and 
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the differences (A) between these values are hardly ever greater, 
usually considerably less, than the possible error in the de- 
termination of the concentration of the casein in the filtrate. 
It is, therefore, evident that the relation between the time of 
stirring and the amount of casein dissolved obeys the relation 
X = Kt”' when alkali or alkaline earth salts are present in the 
sodium hydroxide solution employed as solvent. In each instance, 
however, the presence of the salt caused retardation of the rate 
of solution and this retardation (between the limits of con- 
centration studied) was greater the greater the concentration of 
the salt. 

In regard to their power of causing retardation of solution, 
there is a great difference between the salts of the alkalies and 
those of the alkaline earths. Alkali chlorides in 0.5 n concen- 
tration exert about the same retardation as alkaline earth chlo- 
rides in 0.005 N concentration. The power of the alkaline earth 
chlorides to retard the rate of solution of casein is, therefore, 
approximate^ 100 times greater than that of the chlorides of the 
alkalies. This remarkable quantitative disparity between the 
effects of alkaline earth chlorides and the chlorides of the alkalies 
is strikingl 3 '- analogous to the familiar disparity of their effects 
upon living tissues. Now the fact that the law' x ~ Kt”, the 
time relationship which is characteristic of surface tension phe- 
nomena,^ holds good in the presence of these salts shows that their 
effect upon the rate of solution of casein is primarily to be attrib- 
uted to their effect upon the rate of penetration of the casein 
particles bj' the solvent. The possibility thus suggests itself 
that in the actioils of salts upon hving tissues we may also be 
dealing with the effects of alterations in penetrability, a new to 
W’hich experiments of Osterhout® and Loeb and Beutner'’ affor 
substantial support. 

The retarding effect of the salts emplojmd increases in f i® 
follow'ing order: Li < K < Na < Ca < Sr < Ba. ^ 

From the fact that NaCl exerts onlj' a slightty greater refart ni,, 
influence than KCl although sodium hj'droxide is the a "i • 

‘ Bell, J. M., and Cameron, F.K., /. Phr/s. Chem., 190G, x-OK. 
tv., and Goppelsroeder, F., Z. holloid. Chem., SvppL, l^OS, ii. - 
‘ Osterhout, tV. J. V., Science, 1912, 112, 

‘ Loeb, J., and Beutncr, R., Biochem. Z., 1912, xii, 1- 
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employed as solvent, we may infer that the retarding effecl of 
these salts cannot be wholly attributed to diminution of the dis- 
sociation of the hydroxide due to the presence of a salt with a 
common ion. 

The magnitudes of the constants K and arc alTccted by the 
salts in opposite senses; and the value of K decreases as the con- 
centration of salt increases, while that of m increases. 

(lx 

DifTerentiating the equation x = K(" we find: —=Kmr-' 

in other words, the product Km, which we may term the cocffmcnl 
of penetration expresses the constant proportionality between the 
velocity of solution and an exponent (peculiar to each solvent) 
of the time during which the protein has been exposed to the 
action of the solvent. 

Since the value of K decreases more rapidly than m increase.s 
with increasing concentration of salt, the effect of all the salts, 
within the limits of concentration employed, is to cause a de- 
crease in the value of the coefficient of penetration, a decrease 
which is a definite function of the concentration of salt employerj. 

The relationship between the value of the coefficient of pcr.c- 
tration and the concentration of salt added to the solvent may 
be defined by the interpolation equation Kinn - Km = ac -f =} 
where Kimi is the coefficient of penetration for the pure solvci: 

(0 . 016 N NaOH) , Km is its value when a given salt has been addM 
in concentration c, and a and 0 are constants dependent uponf'- 
nature of the added salt. 

In Table II the observed values of the coefficient of pene 
are compared with the values calculated from the equatic 
values of the constants a and p being calculated by the n 
of least squares from all of the observations obtained ni 

given salt. _ 

These results reveal another striking difference betivec 
effects of the chlorides of the alkahes and of the {■ 
earths upon the rate of penetration of the casein particles >• 
solvent, for whereas NaCl and KCl in increasing concct- 
decrease the rate of penetration with a positive 
CaCb, SrCb, and BaCb decrease the rate of penetrafior,. 
negative acceleration, which implies that at sufficienf- 
concentrations they would actually accelerate the penete.- 



360 


Alkaline Earth Salts 


TABLE ir. 




Km 



Concentration. 






Found- 

i 

Calculated. 



LiCl. A’.m, = 0.356. a = - 0.013. (9 = + 0.011. 


0 00 

0 356 

0.356 

±0.000 

0 50 

0 354 

0.352 

-0.002 

1 00 

0.328 

0.328 

±0.000 

2 00 

0.218 

0.218 

±0.000 

XaCl. iviTHi = 0.356. cc = 

= + 0.066. P = 

4- 0.032. 

0 00 

0.356 

0.356 

±0.000 

0 50 

0.315 

0.315 

±0.000 

1 00 

0.258 

0.258 

=0.000 

2 00 

0.097 

0.096 

-0.001 

IvCL KiTUi = 0.356. a = 

= ± 0.030. p = + 0.047. 

0 00 

0.356 

0.356 

±0.000 ■ 

0 50 

0.347 

0.329 

-O.OIS 

1.00 

0.279 

0.279 

±0.000 

2 00 

O.IOS 

O.IOS 

±0.009 


CaCl:. Kiitii = 0.356. a = + S.IOO. P = - 12.250. 


0 000 

0.356 

. 0.356 

0 005 

0.340 

0.346 

0 010 

0.291 

0.289 

0 050 

0.251 

0.248 

SrCli, 7viWi =* 0.356. ex = 

= ± 10.200. P = 

0.000 

0.356 

0.356 

0.005 

0.328 

0.330 

0.010 

0 264 

0.264 

0.050 

0 099 

0.099 

BaCl;. KiJUi = 0.356. a 

= -f 17.700. P = - 

0.000 

0..356 

0.356 

0.005 

0.314 

0.326 

0.010 

0.202 

0.202 

0.050 

0.054 

0.054 


± 0.000 

4-O.OOG 

- 0.002 

-0.003 


= - 10.150. 


± 0.000 

± 0.002 

± 0.000 

± 0.000 


= - 23.400. 


± 0.000 

± 0.012 

± 0.000 

± 0.000 



T. B. Bobertson and K. Miyake 


361 


the casein by tlie solvent. The study of the effects of higher 
concentrations of alkaline earth chlorides upon the rate of pene- 
tration of easein is, however, complicated by a number of factors 
which tend to obscure these relationships. Investigations of 
these effects arc in progress and will form the subject of a sub- 
sequent communication. Lithium chloride occupies an excep- 
tional position among the s.alts studied, since with increasing 
concentration it increases the rate of penetration with negative 
acceleration. This implies that at a sufliciently low concentration 
(less than m/ 3) the presence of LiCl might be expected to accelerate 
the penetration of casein particles bj"^ 0.016 N NaOH. A simple 
calculation serves to show, however, that this effect even if present 
would he too small to be measurable by the technique employed. 

COXCLUSIONS. 

1. The relation between the time which has elapsed since the 
casein was introduced into the solvent and the amount of casein 
dissolved is expressed by the relation x = Kt"' even in the pres- 
ence of alkah or alkaline earth chlorides in the sodium hydroxide 
solution employed as solvent. 

2. The presence of these salts decreases the rate of solution of 
casein bj' dilute sodium h 3 'droxide. The retardation increases 
with the concentration of salt employed. 

3. The alkaUne earth chlorides in 0.005 n concentration retard 
the rate of solution of casein approximately to the same extent 
as 100 times this concentration of a chloride of an alkali. 

4. The value of K decreases while that of ra increases with 
increase of the concentration of the salts. The value of the 
product K X m, which we term the coefficient of penetration, 
decreases with increasing concentrations of NaCl, KCl, CaClo, 
SrCb, or BaCk between the limits of concentration employed, 
the acceleration of the decrease being positive in the cases of 
NaCl and KCl and negative in the cases of CaCb, SrCb, or 
BaCb. Lithium chloride increases the value of the coefficient 
of penetration, with a negative acceleration so that at concen- 
trations lying above 0.33 n the algebraic sum of these opposite 
effects results in a decrease of the value of the coefficient of 
penetration. 




STUDIES OF AUTOLYSIS. 

IV. THE LATENT PERIOD IN AUTOLYSIS. 
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Madison.) 

(Received for publication, May 13, 1916.) 

In 1904 Lanc-Claypon and Schrj'vcr' reported a latent period 
in autolysLs amounting in the normal liver to about 4 hours. 
In the livers of fasting animals the latent period was absent or 
much shorter than in the well fed. If active trypsin preparations 
were introduced into the autolyzing liver mass, digestion began 
at once. These observations led the autliors to the conclusion 
that in the living liver cell no free proteolytic enzjunes existed; 
that the first stage of postmortem disintegration set free an 
active enzyme from a zymogen, and that the latent period repre- 
sented, therefore, a sundval period in the tissue. The authors 
further concluded that during fasting the zjTuogen was activated 
in some wajL and thus autolysis intervened to allow the starving 
animal to utilize its own tissues for the development of energy 
bj>^ combustion, which otherwise would remain unavailable. The 
validity of this attractive hj'pothesis rests upon the rather limited 
observations reported in this one paper, and upon the interpre- 
tation of those observations. It has appeared to us worth while 
to examine further the early stages of autolj'^sis of the liver in 
the hope that some new insight might be gained into the mechan- 
ism which starts and controls this important reaction. In the 
present paper we have made no attempt to test the differences 
between well fed and starvdng material, though both kinds are 
represented in our data. To a certain extent we have confirmed 
the findings of Lane-Claypon and Schrj^ver, but our interpreta- 
tion of the phenomenon is at variance vith theirs. We have 
called attention to the great individual differences in appar- 

‘ Lane-Claypon, J. E., and Schr 3 rver, S. B., J. Physiol., 1904, xxxi, 169. 
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entiv normal livers in a pre\nous paper- and we have found that 
such differences are verj’^ apparent in the early stages of autolysis. 
Such differences we believe are undoubtedly associated with differ- 
ences in the nutritional condition of the organ, and in a later paper 
we expect to present data upon this point. 

Expcrimenl I . — Three well fed rabbits were killed and bled. The livers 
were removed at once, ground to a fine pulp, divided equally, and each 
half was made up to 500 cc., with toluene water. 25 minutes after the 
death of the animal the initial samples were removed and the digests 
warmed quickly to 37°C. To one digest sufficient HCl was added to have 
made it a 0.02 x solution. Two sets of samples were taken, one precipitated 
by trichloroacetic acid as described in a previous paper,- the other coagu- 
lated by heat in the presence of KH;P 04 . The samples from the acid digest 
were first treated with CaCOj to neutralize the mineral acidity, an excess 
of KHiPO, was added, and the sample plunged into a boiling water bath. 
Boiling water was added till the volume approximated 90 cc. and the 
samples were kept at the boiling point 3 minutes after coagulation ap- 
peared to be complete. Control samples were coagulated in the same 
way. Heat-coagulated samples were cooled, made up to 100 cc., and 
filtered. The filtrate was analyzed for total nitrogen by the Kjeldahi 
method and for amino nitrogen by the Van Slyke micro method. 

A sun^ey of the figures shows; 1. The initial sampling is uncer- 
tain. The diffusion of wmter into the protein masses and t e 
diffusion out of soluble nitrogenous compounds has not attaine 
equilibrium. The initial samples are therefore subject to con 
siderable error and their value must be interpreted in relation to 
the figures obtained in subsequent samples. We find the same 
irregularities in the initial values obtained by Schrjwcr an ve 
believe there is nothing significant in the low or high figures o 
the initial samples other than lack of equilibrium. 

2. The non-coagulable nitrogen of the control shows ^ 
period of about 1 to 2 hours before unmistakable increase appea = 
In the acid digest, on the other hand, there is no latent peno i 
or it is less than 30 minutes. • ^ 

• 3. The Van Slyke method shows a latent period “ ^“Y'i'hour 
acid appearance of 4 to 8 hours in the control, and of a ou 

in the acid digest. _ , mino- 

4. The trichloroacetic acid method shows increase o 

= Bradley, H. C., and Taylor, J.. J. Biol. Chem., WIG, xv-v, 201. 
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TABLi: I. 
Ifahhit Lircrs. 


Time. 

0 

30 min 

CO min 

B 

, 1 hrs. 

1 

1 

8 hra. 

B 

4 days. 

Cc. 0.2 N 

Trichloroacetic acid method, 
amino-acid per G 23 cc. tissue suspension 


I. Control 


0.30 



0 60 

0 GO 

0 70 

o.so 

II. “ HCl 

IQ 

0 30 

0 40 

0 40 

0 70 

1.30 

2 40 

3.20 


Non-coagulablc N. 

Cc. 0.2 N KHs per G.25 cc. tissue suspension. 


1 .75 


B 

B 

B 

B 

2 30 

2 45 

1.80 


B 

B 

B 

B 

6 30 

8.60 


Van Sl5‘kc method. 

Mg. N per 1 cc. filtrate or 0.23 cc. tissue suspension. 


I 


0 OGol 0 OGO 



0.087 

0 114 

II 


0 0491 0 087! 

H 

0.157 0 211 

0.477 

0 604 



1 Z ‘t 


Fig. I. 
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acids in the control after 2 to 4 hours, in the acid digest after 1 
to 2 hours. 

The figures and curves clearly indicate a lag between the 
appearance of increased non-coagulable nitrogen and the appear- 
ance of amino-acids. The lag would, therefore, appear to express 
the time required in progressive hydrolysis of native proteins to 
reach, first, a measurable increase of non-coagulable protein, and 
second, a measurable increase of amino-acids. If amino-acids 
are split off during the earlier stages of the reaction they are not 
measurable by the technique employed in this experiment. If 
should be noted that Schrjwer used heat coagulation with tri- 
chloroacetic acid present to throw down his undigested material; 
his figures therefore are comparable with those obtained b}’ us 
with trichloroacetic acid precipitation. In this particular case 
our results agree ver 3 ' well with Schrjwer’s. It is quite possible 
therefore that Schryver’s latent period was nothing more signifi- 
cant than the time required between the onset of autolysis and 
the appearance of the final cleavage products. 

In all cases the presence of acid cuts down the latent period, 
just as it has been shown to increase the rate and e.xtent of 
hj^drolj'sis in longer digestions. The acid digest reaches appro.vi- 
mate equihbrium in 4 days, at four times the amino-acid level of 
the control (3.2 to 0.8). This difference in equilibrium represents 
the diffei’ence in the actual substratum available for the enzymes 
in the two digests. Such a difference in mass of substratum shou 
cause proportionate differences in the rate of change at the 
and we find in fact that the time required to show amino-aei 
increase is about four times as long in the control as in the acK 
digest (4 hours to 1 hour). If we assume, with Schrywer, that a 
certain time elapses before the proteases present in the con ro 
are activated (about 4 hours), whereas in the acid digest t ic 
enzjune is at once active, then a much greater difference s lou ^ 
exist between the time of amino-acid increase in the acid an eon^ 
trol digests. The differences between the control and t 
digest do not express differences in the time of enzyme ac 
tion, but are expres.sive of the same differences whici 
throughout the continued hydrolysis, determining rate o c lan^ 
and pohit of equilibrium. These differences appear to os 
indicative of different masses of substratum onl}'. 
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In one of Schryver’s experiments trypsin was added to a fresh 
liver digest. Hydrolysis was apparent at once, while in the con- 
trol there was the usual -1 hour" latent period. But to tiypsin 
practically all the liver proteins are substratum, while to the liver 
proteases onl.v a small fraction — about 25 per cent on the aver- 
age — is available for the reaction. With this difference in the 
specificity of the two enzj’mes, and with no means of loiowing the 
amount of trypsin added compared to the proteases already 
there, a comparison of these two digests is without significance 
and certainly does not prove Schi'jwer’s contention that the 
latent period represents the time elapsed before the enzyme 
becomes active. 

Experiment II. The Amino-Acid Lag in Rapid Auloli/sis . — Liver ob- 
tained from an old horse and removed ■within a minute of the death of the 
animal, 'was sliced, chilled to — 10°C., and kept frozen till ground to a sno'w 
and mixed with toluene water at 0°C. S.amplcs were taken during a 10 
minute interval, the time required to bring the digest to 37°C., acid was 
added, and sampling continued at short intervals. Van Slyke and Kjeldahl 
figures wore obtained on the heat coagulation filtrates. 

TABLE 11. 


Horse Liver. 


Time. 

Van Sljko method 

Mr N per 1 cc filtrate or 

0 25 cc tissue suspension 

Non-eoaaulablo nitrogen. 

Cc 0 2 N NHj per 6 25 cc 
tissue saspension 

nun. 



0 

0 095 

1 70 

10 

0 111 

1 70 

12 

0 106 

2 05 

15 

0 123 

2 30 

20 

0 128 

2 60 

25 

0 128 

3 00 

30 

0 128 

3 10 

35 

0 145 

3 20 

40 

0 145 

3 30 

50 

0 159 

3 60 

60 

0 162 

3 70 

70 

0 173 

3 85 


In this case, we find immediate response to the addition of acid 
in the total nitrogen, tvith a delajmd response in the amino-acid 
figures. Both curves rise most rapidly at the start, and are of 
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the logarithmic tj^pe. If acid is the activator of the enzymes, 
as IMorse has recentlj' maintained,^ then at the moment of the 
addition of HCl the enzymes were completely active. Still we 
find the lag between early and late products of autolysis. In 
other words, ruling out any possible difference in the time of 
activation, we still find a tj^jical latent period when we measure 
ammo-acids. In this case, then, It is certain that the latency of the 
reaction does not indicate activation, but merely reaction lag, which 
is sufficient to account for Schry\'er’s results. 

Experiment III. The Effect of Added Substratum. — ^The same material 
was used as in Experiment 11. Gelatin solution was added as an avail- 
able foreign protein. It was boiled with CaCOs for several hours and fil- 
tered, thus insuring neutralitj-. The gelatin was found to digest at once 
with no clear indication of a latent period. Making due allowance for the 
errors of end-point in the titrations, there was undoubted increase in 
amino-acids within 60 minutes; in the control equally certain increases 
were not found until 4 to S hours had elapsed. 

In this case, then, we have abolished the latent period, or cut 
it down largelj', by a procedure which was designed to eliminate 
a possible activating action of acids. By simply increasing the 
mass of substratum, itself neutral, we have duplicated the effect 
on the early stages of autolj'sis produced bj"^ adding mineral acids. 
If the possibilitj" of an acid activation latency can be abolishe 
by increasing the mass of substratum, then the enzyme must 
either have been active already, or the gelatin activated it an 
improbable alternative. It seems clear in this case that an 
acidity not above that of the normal living tissue is all that is 
necessary to demonstrate activity of the enziune provided t ere 
is any appreciable amoimt of substratum present. 

Experiment /E. The Effect of Reaction. — ^The material was 
as that used in Experiment II. Two sets of samples were *^*'®'* ® 

The Van Slyke figures are upon 1 cc. of filtrate and represent . 
the digest. The non-coagulable nitrogen figures are upon 2o cc. o 
same filtrates and represent 6.25 cc. of the digest. 

The early readings with the Van Slyke apparatus were 
and subject to rather large errors in our hands. Tiiej me ic- 
but slight increase of the amino nitrogen until the 2-1 hour pc 

’ Morse, M., J. Biol. Chem., 1916, xxiv, 163. 
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TABLE III, 

Trichloroacetic Acid Method. 

Cc. 0 3^ Amino- \cid pet G So Cc. Tissue Suspension. 


Time 

0 

1 15 min 

30 mm 1 

1 

CO min 

^ min 

m 

4 lirs 

S hrs 

24 Iirs 

I. Control.. 

0 to 


ISI 

m 


M 

m 



II. Gelatin. . 

0 so 


m 


0 95 

m 

m 





& a 


Fig. 2 

In the acid mixtures the increase occurs earlier. In the alkaline 
mixtures the figures are irregular, but digestion is slight until the 
24 hour period, and is generally less as the bicarbonate is in- 
creased. The neutral phosphate also inhibits the digestion 
markedly. 

In the trichloroacetic acid filtrates a clearly defined latent 
period is difficult to recognize. Some digestion appears to be 
under way by the end of an hour — ^assuming that the coriect 
figure for the initial samples is about 0.45 cc. With acid present 
the lag is decreased in proportion to the amount added. In the 
alkaline samples there appears to be digestion about like that of 
the control, or somewhat less. The phosphate mixtures behave 
in the same way. 
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Content of digestion bottles 


TABI.B IV 



15 

30 

60 

90 

2 4 

S 

21 


mm 

min 

mtn 

mtn 

hns hrs 

hrS 

kts 


Van Slyke method. 


Mg N per 1 cc. filtrate or 0 25 cc tissue suspension 


I 

Control 


0 07 


!' 

0 07 




^9 


II. 

U 

HCl to 0 01 N. 

0 07 

MM 

1 


0 11 


0 13 

0 19 


Ill 

tt 

" “ 0 02 " 

0 07 


I 


0 15 


0 23 

0 24 


IV 

ii 

“ " 0 04 “ 

0 07 

UKH 

1 


0 19 

[ilBl 

0 29 

Mi 


V 

ll 

NaHCOj 0 5 gm 

0 07 







EEs 


VI 

n 

“ 10“ 








00 s 



MI 

u 

“ 2 0“ 

0 06 





[ilmi 


BltM 

Bia 


5 III 

<i 

ICHPOi 5 0“ 

0 os 







0 09 



IX 

n 

“ 2 0“ 

0 06 







0 07 

m 



Non-coagulable nitrogen 


Cc 0 2 n NHs per 6 25 cc tissue suspension 


I 

Control 


— 


2 4 


1 6 

1 6 

1 6 

1.7 

1.9 

1 s 

2 1 

27 

II 


HCl to 

0 

01 N 

2 2 

1 7 

1.9 

2 0 

2 2 

2 2 

2 7 

3 3 

3 9 

0 4 

III 

(( 

it ii 

0 

02 “ 

2 2 


2.3 

2 6 

2 9 

3 3 

m 

5 4 

G 7 

8 0 

IV 

a 

ii ii 

0 

04 “ 

2 2 

2.7 

EliM 

3 7 

4 5 

4 9 

ml 

7 6 

87 

m 

V 


NaHCOj 

0 

5 gm 

1 5 





1 G 

1.7 

1 7 

1 8 


M 


ii 

1 

0 “ . 

I 9 





1.7 


1 7 

I 8 


MI 

a 

U 

2 

0 “ . 

1 6 






1.9 


I 9 

2 

VIII 

it 

KiHPOi 

5 

0 “ . 

1 8 





1 6 

1 7 

1 7 

1.8 


IX 

n 

it 

2 

0 “ 

1 7 





1 7 

1 7 

1 7 

1 8 



Trichloroacetic acid method 


Cc 


I 

Control 



0 25 


0 46 

II 


HCl to 0 01 

N. 

0 35 

0 40 

0.46 

III 

ii 

“ “ 0 02 

H 

0 40 

0 40 

0.46 

IV 

It 

“ “ 0 04 

it 

0 50 

0.46 

0.66 

V 

Ii 

NaHCOs 0 0 gm 

0 40 


0.46 

VI 

it 

“ 10 

ii 

0 35 


0 45 

VII 


“ 20 

it 

0 35 


0 40 

VIII 


KiHPOi 5 0 

ti 

0 40 


0.46 

1 — < 

it 

“ 2 0 


0 40 


0 45 


0.60 
0.55 
0.65 
0 75 
0.46 
0 40 
0 40 
0.46 


0 50 
0 GO 
0 SO 
0 95i 


0 55 
0 05 

0 so 

1 lOj 
0 CO 
0.66 


p 90 
1 10 
1 50 


0.65 


jo 6 o!o SO I CO 

4 25 1 75 ; 
i 00 2 45 

p rop s> 
0 so 0 
b Gob SI 


bco 


»-«l ! »» 

0 400.600 GOO 6oH^5^ 
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HR6. 1 z tt 7 

Fig. 0. 


Non-coagulablc nitrogen shows a lag in the control of about 
2 to 4 hours before digestion is definitelj" seen. Increasing acidity 
cuts down this lag so that the most acid sample is clearly moving 
within 15 minutes. The figures on the alkaline or salt samples 
are irregular but appear to indicate a lag of 4 to 8 hours before 
digestion is definitely under waj"". 

Despite the rather large irregularities of our figures in this 
series, which we believe represent inevitable irregularities of 
sampling, of equilibrium by diffusion, and of heat coagulation, 
the latent period appears to be shortened by acids, and lengthened 
by neutrality or diminished acidity. None of the digests were 
permanently alkaline to litmus. 

Experiment V . — Liver obtained from a healthy well nourished calf was 
frozen and ground to a snow. All digests were sampled and then rapidly 
warmed to ST^C. 
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TABLE V 


Content of digestion bottles | 

!■ 

15 



m 

2 

4 

8 

21 




1 min I 


j mm j 

hrs 

his 

hrs 

hr* 


Van Slyke method 

Mg N per 1 cc filtrate or 0 25 cc. tissue suspension. 


I Control 

0 04 


0 04 

0.05 

0 07 

0 07 

0 07 

0 OS 

0 00 

11 “ HCl to 0 04 N 

0 04 

0.06 

0 08 

0 09 

0 10 

0 12 

0 14 

0 17 

0 25 

III “ 0 25 gm. NaHCO, 

0 04 


0 06 

0.06 

0 06 

0 07 

0 07 


0 12 

IV. “ 0 50 “ “ 

0 04 


0 06 

0 06 

0.06 

0 06 

0 07 

0 OS 

OOS 







0 06 



Rna 

VI “ gelatin 






m 



0 25 


Non-coagulable nitrogen. 

Cc 0 2 N NHj per 6 25 cc tissue suspension 


I Control 

1 7 


1-.8 

1 8 


IQ 

2 15 


2 30 

II “ HCl to 0 04 N 

1 7 

2.4 

2 8 

2 95 



tliai 

1^ 

5 30 

III “ 0 25 gm NaHCOa 

1 7 



1.90 


fB! 

1 95 


2 20 

IV. “ 0 60 “ “ 

1 8 


1^ 

1 75 

1 80 

1.76 

1 95 


»lil 

V “ 1 00 “ “ 



1 60 

1 65 


Si 




Trichloroacetic acid method. 

Cc 0 2 ^ ammo-acid per 6 25 cc tissue suspension 


I 

Control 

0 45 


0 45 

0 45 

0.66 

0 eolo 65 

0 70 

0S5 

II 

“ HCl to 0 04 N 

0 40 

0.46 

0.60 

0 55 

0 70 

0 70 

0 80 

I 05 

1 50 

III 

“ 0 25 gm NaHCOs 

0 50 



0 55 

0 50 

0.66 

0 CO 

0 70 

0 75 

IV 

“ 0 50 “ “ 

0 45 



0 50 


0.66 

0 GO 

0 65 

0 70 

V 

“ 1 00 “ “ 

0 45 



0 50 


0 50 

0.66 

0 60|0 do 

VI 

“ gelatin 

1 10 


1.20 

1 25 

1 35 

1 40 

1 50|1 70j2 


1. The non-coagulable nitrogen of the control appeals rapidl}, 
increasing withip 90 minutes or less. The amino-acid nitrogen 
parallels the non-coagulable nitrogen in this case. 

2. Acidity cuts down the latent periods. A lag is shonn 
between the non-coagulable and amino-acid nitrogen by lac 
tiicliloioacetic acid method. 

3. In the presence of NaHCOs the non-coagulable nitrogen 
increase is delayed from 2 to 8 hours. On the other hand, f 
Van Styke figures aie irregular and show only a doubtful de a} 
over the control until the 24 hour sample. The trichloroaccjc 
acid figures show a more distinct delay in amino-acid produc ion 
and a decided inhibition of the digestion all the vay tliroug' 
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4. The addition of neutral gelatin gives a reaction curve almost 
identical with the curve of the acid digest (in both trichloro- 
acetic acid and Van Sl 3 ’kc methods). The exjreriment is in the 
nature of a coincidence, where the amount of substratum pro- 
duced bj' the addition of acid was identical with the increase due 
to neutral gelatin. It gives strong confirmation to the belief that 
the question of activation of an enzjnne is subsidiary in the 
mechanism which starts and controls autolj'sis and that the 
determinative factor is the amount of substratum present and 
the conditions which modif 3 ' that amount in the living cell. 

It was of interest to note that the glycogen turbidit 3 " of the 
control filtrates persisted even after 24 houis, though with con- 
stant diminution. In the acid samples and in the gelatin digest 
the gl 3 'cogen of the filtrates disappeared much more rapidly. 

Experiment VI . — Liver obtained from a 5 j'car old horse was removed 
within 2 minutes of the death of the animal and frozen at once. 


TABLE VI. 

Trichloroaeetic Acid Method. 

Cc. 0 Z n Amino-Acid per 6 Z5 Cc. Tissue Suspension. 



0 

15 1 
miQ 

1 

1 

30 ; 
mio 

45 

min 

CO 

mm 

90 

mm 

2 

hrs 

4 

hrs 

8 

hrs 

2G 

hrs. 

3 

days. 

I. Control... . 



0 35 ’ 


m 

0 45 

0 65 


0 60 

m 

1 00 

II. “ gelatin 

0 Gol 

0 go! 

0 00 

ulm 

fiBii 

0 80 

0 85 

0 95 

1 05 


2 25 

III. “ 0.5 gm. 












NaHCOj. 



0 35 


[>KH 

0 35 

HKl 

uKm 



fiWia 

IV. Control 0.5 gm. 



i 









NaHCOa gelatin 







BMP 

nnu] 


1 10 

1 50 

V. Control HCl to 0.04 n 

iBi 

0 05 





1 15 

ii 45 

i«ii 

,2 60 

4 00 

VI. “ 1.0 gm. 












NaHCO, . . 





■ 

■ 

0 45 

H 

0 45 


■ 


1. The control shows a latent period of about 60 to 90 minutes. 

2. Gelatin shows digestion within 60 minutes. 

3. Acid causes digestion within 15 minutes, far more rapid and 
extensive in this case than where gelatin was present. Though 
the same amounts of gelatin and acid were used as in Experunent 
V, the conditions are far from coincident in this liver. 

4. Bicarbonate increases the latent period and the autolysis is 
very slight even in 3 da 3 '^s. 



















374 Studies of Autolysis. IV 

5. Gelatin added to a bicarbonate mixture reduces its latent 
period. 

An analysis of the figures beginning with the 8 hour samples 
shows that gelatin is digesting in both normal and salt mixtures. 
At the end of 8 hours the digestion rate is indistinguishable, but 
in 26 hours the digestion of gelatin is evidently slower in the 
salt mixture. The 3 day sample also shows a certain amount of 
inhibition of the gelatin digestion. These figures bear out the 
findings reported in a previous paper* where the digestion of gela- 
tin was found to be inhibited by alkalies in long continued autoly- 
sis, but where the inhibition was less than upon the digestion of 
liver proteins. 


TABLE VIl. 

Analysis of Figures of Table VI. 


Time 

8 hrs. 

26 hrs. 

3 days. 

1 Gam. 

Digestion of 
gelatin. 

Gain. 

Digestion of 
gelatin. 

Gain. 

DigestiOQ of 
gchtin. 

I .. 

0 25 



■■ 


MM 

0.95 

II., 

0 45 


0.20 


0.40 

HEl 

in 

0 15 






t 

IV 

0 35 

1 

0 20 

mi 

0.30 

H 

o.co 


These preliminary studies of the early stages of autolysis war- 
rant the following conclusions: 

1. The time required for the appearance of measurable amounts 
of amino-acids is greater than that required for the increase m 
non-coagulable nitrogen. The latent period reported by Lane 
Clay^pon and Schrywer is to be explained, therefore, as the a? 
between the initial stages of proteolysis and the final procuc-- 

2. The addition of the optimum amount of aeid may reduce tM 

lag to a very few minutes, from the usual 4 hours. At t le sain^ 
time the increase of non-coagulable nitrogen may' be too rapi 
to show' any latent period. , 

3. The addition of neutral gelatin in proper 
autolyzing liver may reduce the latent period identica 
acid. In this case the enzyme is proven to be active in t lo non 
or amphoteric liver material before any appreciable amoim 
acid has been formed in the mixture. 
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■ 1 . Since gelatin can hardly be an activating agent, and since 
its efTcct on the digest as a whole is identical with that of in- 
creased acidity, confirmation is found for the'assumption that the 
clTect of acid on liver material is to increase the mass of substi’atiim 
in the mixture. 

5 . There is nothing in the data iDresented here which suggests 
the activation of an cnz3'me as an important determinative step 
in autol.vsis. If the enzj-me is activated it takes place at a H+ 
level such as is found in the living tissue. Furthermore, none 
of the curves show anj' indication of an autocatalj'tic phase in 
the earlj’ stages of the reaction, such as Morse assumed,^ due to 
activation of the enz3une b3' developing acidit3^ 

Length of the latent period, rate of proteolysis as measured 
by concentration of products, and final equilibrium of the diges- 
tion all appear to depend on the mass of substratum available for 
hydrol3'sis b3' the proteases present normall3" in the liver cell. 




CHEMICAL STIMULATION OF NERVES.* 

By JACQUES LOEB and ^Y. E. E^YALD. 

{From the Laboratories of The Rochcfcllcr Institute for Medical Research.) 

(Received for publication, May 12, 1910.) 


I. 

In 1899 Loeb* stated tliat electrolj^es cause twitchings of mus- 
cles, while non-electroljdes have no such effect. But not all 
electroljdes were equally efficient as stimulants. The sodium 
salts seemed ,the best adapted for this purpose and their efficiency 
varied considerabl 3 ' with the nature of the anion, as the following 
list shows.' 


TABLE I. 


Salt. 

Minimal 

etimulatinR 

concentration. 

Salt. 

Minimal 

stimulating 

concentration. 

NaCl 

.m/16 

m/IG-m/32 

m/32 

M/32-M/64 

M/64-M/9G 

m/SO-m/IGO 


m/16 

m/32 

M/16-M/32 

m/260 

m/128 

m/200 

NaBr 

Na.S 04 

Nal 

NaHCOs 

Na acetate 

Na 2 oxalate 

NaF 

NasHPO, 

Na formate 





Since Ca inhibits the twitchings caused bjr NaCl, as Ringer 
first observed, Loeb suggested that the higher stimulating effect 
of oxalates, fluorides, and phosphates might be due to a precipi- 
tation of Ca in the tissues, but that this could not account for 
the high stimulating effect of certain other salts like Na formate. 

In his studies on the chemical stimulation of nerves Mathews® 

* These experiments were commenced in 1912 and completed during the 
year 1915-16. On account of the war it was impossible to submit the paper 
with the more recent results to Dr. Ewald before publication. 

' Loeb, J., Festschrift f. Prof. Pick, 1899, p. 101. 

- Loeb, Arch. ges. Physiol., 1902, xci, 248. 

’ Mathews, A. P., Am. J. Physiol., 1904, xi, 455. 
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found similar stimulating values for the sodium salts upon the 
motor nerve (sciatic of the frog). 


TABLE ir. 


Salt. 

/ Minimal 

stimulating 
concentration. 

Salt. ‘ 

Minimal 

stimulating 

concentration. 

KaCl 

m/12 

Na.S 04 

m/32 

NaBr 

m/12 

NaHCO. ■ 

m/5 

Nal 

m/12 


m/32 

Na acetate 

m/12 

Ka.HPO^ 

m/35 

iS'aOH 

m/20 


m/50 




The liighest stimulating efficiency vas that found for Naj ci- 
trate. On the basis of these and other experiments ^latheus put 
forward the hj'pothesis that only the anions have a stimulating 
effect, while the cations have a depressing effect. The stimu- 
lating effect, he assumes, runs parallel to the solution tension of 
the anion. This theory meets with serious difficulties, since, 
first, it leaves unexplained why Ba salts have a higher stimulating 
effect than Xa salts, and, second, why, as Loeb found, the stimu- 
lating effect of NaCl upon muscle is increased when some acid 
is added. ^Moreover, it is strange that while in NaCl the stimu- 
lation of the nerve may have a latent period of several hours, in 
the case of citrates the latent period may be only a few minute;. 
This time element indicates that another factor must enter into 
these results, and we shall see that this is probably the rapidif} 
of diffusion of the salt into nerve or muscle. In 1899 Loeb hac 
explained the accelerating action of acid upon the stimulating 
effect of NaCl upon muscle in this wa}'. We have made a serie. 
of experiments which are not compatible with JMathews’ theoD , 
but which support the diffusion theory. According to this t ic 
oiy, the stimulating action of sodium salts upon nerve and mu-'c e 
is inhibited by Ca and hlg, not on account of the depressing 
effect of the latter, as ISIathews assumes, but because the Ca am 
j\Ig prevent the diffusion of salt into these organs. ^ 


II. 

NH 4 CI is not able to stimulate nerve or muscle. ^ 
of this base may have some stimulating action and this ac v 
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agree with Mathews’ theory that the stimulating action depends 
only on the anion. We have found, however, that if in the mole- 
cule NH4CI the four hydrogen atoms arc replaced by the ethyl 
group the resultingsalt [tetraethylammonium chloride, N (C2H5)4C1] 
has a much higher stimulating clTect upon the motor nerve than 
any sodium salt, even sodium citrate. As to our method, it may 
suffice to state that only the nerve was immersed in the solution, 
and the muscle was carefully protected from contact with the 
solution. The nerve muscle preparations (sciatic nerve and gas- 
trocnemius muscle) from Rana pipiens were used. The solution 
was alwaj's made isotonic with an m/8 NaCl solution by the ad- 
dition of the proper amount of cane sugar. The experiments 
were carried out in moist chambers and the exposed part of the 
nerve was carefully protected against drying out through frequent 
wetting with Ringer solution. The muscles were weighted. We 
used iMerck's' tetraethylammonium chloride, ■' while the other salts 
were Kahlbaum’s. 

Table III gives a comparison between the stimulating efficiency 
of corresponding salts of N(C2H5)4 and of Na. Our values for 
the sodium salts do not entirelj' agree with those given by Math- 
ews. We found that a ji /12 NaCI solution is too weak to stimu- 
late the nerve. In order to produce muscular contractions with 
certaint}' we had to immerse the nerve in m/4 NaCl. An m/8 
NaCl solution was onlj'’ in exceptional cases able to induce twitch- 
ings tlirough the nerve. On the other hand, we found Naj ci- 
trate more efficient than in Mathews’ experiments. 

TABLE III 
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sodium citrate; and second, that the nature of the anion has little 
influence upon the efficiency of the tetraethylammonium salts. 
The pmverful stimulating action of tetraethylammonium chlo- 
ride is therefore due to the cation and not to the anicm. 

That it is the cation which determines the stimulating efficiency 
in this case is further proved by the fact that if the methyl group 
is substituted for the ethyl group the- efficiency is lost. Tetra- 
methylammonium chloride was ineffective in solutions isotonic 
with the nerve, as were also ammonium chloride, methy'lamine 
hydrochloride, ethylamine hydrochloride,' diethjdamine h 3 ’ciro- 
chloride, and piperidine hydrochloride. 

Attention should also be called to the fact that only strong 
bases act as nerve stimulants, while weak bases, such as NH4OH 
and the amines, e.g., diethylamine, triethylamine, butylamine, 
and benzylamine, are ineffective (except in hypertonic concen- 
trations). This is almost the reverse of the relative effects of 
weak and strong bases in inducing artificial parthenogenesis. 
It may'^ be that the amines injure the nerve more than they do 
the egg. 

nr. 

If the inhibitory effect of calcium salts upon the stimulating 
effect of sodium salts were due to an antagonism between anion 
and cation, as Mathews assumes, the amount of Ca required to 
suppress the stimulating action of a salt should depend chiefly 
upon the nature of the anion of the stimulating salt. If the 
stnhulating action of tetraethylammonium chloride is due to the 
chloride, the amount of Ca required to suppress the stimulating 
action of this compound should be of the order of that require 
for the suppression of the stimulating action of NaCl. The con 
trary^ was found to be the case. 

Solutions of sodium salts and of tetraethylammonium chloric a 
were prepared so that with the proper addition of cane sugar a 
solution was alwajm isotonic for the nerve. To 100 cc- of sue 
solution were added 1 or more cc. of m/8 CaCb solution. > 
nerve was put into the solution and the number of cc. o m 
C aCb were observed that had to be added to 100 cc. of the s im ^ 
lating solutions in order just to inhibit all the twitchings 0 
muscle when the nerve alone was immersed. 

‘ Loeb, Artifiew^ Parthenogenesis and Fertilization, Chicago, 1913. 
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TABLK IV. 


Stimulnling solution. 

Cc. of m/s CftCli added to 100 cc. of stimulating 
solution. 

Complete inhibition of 1 
twitchings. 1 

1 

No or incomplete inhibition 
of twitchings. 

M/-1 NaCl 

2 

1 

M/S Na-SO, 

3.5 

2, 2, 1, 1.5, 2.5, 3 

m/64 Naj citrate 

3, 5, 3, 6, 4 

2, 3, 3.5 

m/40 “ “ 

7.5, 7.5 

5, 6 

m/32 “ “ 

12.5, 12.5, 12.5, 

7.5, 10, 11, 10, 7.5 

m/24 " “ 

12.5, 12.5 

20, 20, 22.5 

7.5, 10, 12, 15, 

.M/10 “ “ ' 

1 

30 

17,5, 19, 20 

25, 20 

m/64 Tetraethylammonium 
chloride 

12.5 

7.5, 10 

m/40 Tetraethylammonium 
chloride ! 

12.5 

5, 7.5, 10 

m/32 Tetraethylammonium 
chloride 

12.5 

7.5, 10, 12.5 

m/24 Tetraethylammonium 
chloride 

20 

17.5, 15, 12, 10 


There can be no doubt that the amount of CaCb required for 
the suppression of twitchings in tetraethylammonium chloride is 
•of a much higher order of magnitude than that required for the 
suppression of twitchings in sodium chloride. While the addi- 
tion of 2 cc. of m/8 CaCb suffices for this suppression in 100 cc. 
of m/4 NaCl, 12.5 cc. of m/8 CaCb are required for the suppres- 
sion of twitchings in a m/40 tetraethylammonium chloride solu- 
tion, which is sixty times as much in the latter as in the former 
solution. This result is incompatible with the idea that the an- 
tagonism exists in both cases between the Cl~ and the Ca++ ion. 

The amount of Ca required for the tetraethylammonium chlo- 
ride solution is nearer the order of magnitude of that required for 
the sodium citrate solution. 

Not only Ca but Mg also suppresses the twitchings of the 
nerve. The concentration of Mg required for complete inhibi- 
tion of the stimulating effect of citrates and tetraethylammonium 
•chloride is much greater than that of Ca, as Table V shows. 
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We now come to the discussion of a crucial question for the 
problem of chemical stimulation; namely, does the Ca inhibit the 
stimulating effect of N (C 2 H 5 ) 4 C 1 or of Nas citrate, on account of 
a “depressing” action, i.e., bj" lowering the irritability of the 
nerve or merelj' preventing these salts from diffusing suf- 
ficiently rapidh' through the sheath of Schwann to the medullar)' 
sheaths or the axis C 5 dinders inside the sheath? It 'has been 
proved sufficiently by experiments on Fundulus that, in this 
latter case at least, the antagonistic effect of CaCl; upon XaCl is 
due to the CaCb preventing the diffusion of sodium salts through 
the membrane." 

It can first be shown that the Ca does not inhibit the efficiency 
of the stimulating salt by depressing the irritability of the nerve. 
The original threshold of two nerves of the same frog was -15 and 
51. The one was put into m/24 Nas citrate in sugar, the other in 
100 cc. m/24 Xas citrate 4- 20 cc. m/8 CaCb in sugar (sufficient 
to make the solution isotonic). In the latter solution no fwitch- 
ings occurred (in 3? hours). The threshold rose to 57 in dO 
minutes and was still 49 after 3i hours. In the solution without 
Ca violent contractions began in 5 minutes when the threshold 
had risen to 58, and lasted 40 minutes, when the threshold nas 
54. In an hour the nerve was no longer irritable. It is natura 
to reason that the Ca prevented the citrate fiom diffusing into 
the nerve and the latter remained normal; whfie the nen’e in t c 
solution free from Ca was stimulated because vhe citrate diffikcc 
into the nerve which was killed on account of such diffusin'’- 
'UTien the nei-ve, that had not twitched for .3 hours in the 
solution containing Ca, was put into the citrate solution vit ou 
Ca, twitchings began in 33 minutes and lasted for 20 
During the time of twitching the irritability had risen from - ^ 
60, due probably to the diffusion of the Naj citrate into 
This was confiiTOed in a large number of experiments, i o^ 
cipitate occurred in the concentration in which citrate a 
w'ere usedX , 

The sama was observed in the experiments with tetrae i. 

’ Loeb, 4rcV. ges. PhgsioL, 1905, cvii, 252; Science, 1 -> 

Biochem. Z., xh-ii, 127. 
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moiiium chloride. The tvddvlion of enough Ca to prevent the 
twitchings did not lover the threshold of fnradic ii ritability. This 
eliminates the idea of hlathews that the inhibiting effect of Ca 
is due to a depression of the iiiitability of the nerve. 

Tliere is direct evidence, however, that the addition of Ca re- 
tards the rapidity of diffusion of the stimulating salts into the 
nerve. If wc add a coiisidcrable quantity of CaCh to a stimulating 
salt solution, hut not quite enough to inhibit the stimulating effeet, 
wc find that the latent period of stimulation is considerably length- 
ened. The results on two nerves of the same fiog were always 
compared (Table ^T). 


TABLE VI. 

Latent Period for StinTidation of the Nerve tn Teti aethylammonium Chloride. 


ithout calcmm 

\\jth calcium 


min 

cc 

min 

m/04 N(C.Hs).C1 

0 

-f- 0 0 m/8 Ca 

16 


2 

+ 75 

70 


5 

+ 10 0 

35 

m/32 “ ... 

1 

+ 75 

11 


2 

+10 0 “ 

35 


4 

+ 12 5 “ 

48 

M/24 “ 

3 

+17 5 “ 

78 


5 

+15 0 “ 

21 


The addition of Ca to Nag citrate acts in a similar way. tVlien 
enough Ca is added the latent period of stimulation of the nerve 
by Nas citiate is increased. Thus in m/24 Nas citrate the latent 
period was in five experiments between 5 and 8 minutes; in 100 
cc. m/24 Naj citrate 4- 12.5, 15.0, 17.4, and 19 cc. m/8 CaCU, 
the latent periods were 23, 33, 40, and 34 minutes. Needless to 
say no precipitation of Ca citrate occuried in these mixtures. 

It is, therefore, certain that Ca does not inhibit by a depression 
of the iriitability of the nerve, but may inhibit by a diminution 
of the rate of diffusion of the stimulating salts into the nerve. 

In addition it was found that when tetraeth 3 dammonmm chlo- 
ride solutions of different concentrations were tried, the latent period 
of stimulation for the nerve diminished with increasing concen- 
tration. Thus in m/32 N(C2H6)4C1 the latent period averaged 2 
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minutes, while in ji/64, 6, 2, 5, 6, 10, 3, and 14 minutes were ob- 
served. llTien too little Ca wms added the increase in the latent 
period was often not noticeable. 


VI. 

If we consider the idea that the Ca inhibits the chemical stimu- 
lation of the nerve by inhibiting the diffusion of the stimulating 
salts through the sheath of Schwann (or other envelopes) we must 
ask the question whether we cannot find an explanation for the 
great stimulating effect of certain salts like the citrates and those 
of N (C 2 H 6)4 on a similar basis. It can be pointed out that the 
stimulating action of the salts as shown in Tables I and II indi- 
cates that those salts which precipitate Ca contained at the sur- 
face of cells have also a greater stimulating power. This would 
concern the oxalates and fluorides, but not the citrates, or 
N(CjHs) 4C1. The question may arise whether after all these lat- 
ter salts which are powerful nerve or muscle stimulants without 
precipitating Ca are not those which possess a comparativel.v 
high degree of solubility in organic substances such as lipoids of 
the nerve or the envelopes of the muscles. 

If it could be shown that the degi’ee of solubility and permea- 
bility decides the stimulating value of. these salts, we can under- 
stand why both cations as well as anions stimulate the nerve, an 
■wlty the cation N(CoH 5)4 and the citrate anion should both ha\e 
a high stimulating value. The diffusion of citrate into nerve an 
muscle is probably enhanced by the alkaline reaction of t ns 
solution. 

VII. 

This would still leave it unexplained why oxalates, citrates, and 
N(C;H 5)4 cannot stimulate the nerve after its irritabilit)' has een 
diminished by a longer treatment with a sugar solution, an n 
the addition of NaCl is required to make these salts e 
As we have stated above, the NaCl is needed to bring 
biUty of the nerve to a high value again. This 
neiwe stimulants are only able to stimulate a hig i ) 
nerve; and that even a slight lowering of the electric htj a 
the neiwe renders these salts ineffective; although . ® 
s?^’ll resDOnd vicorously to galvanic currents of sufficien m 
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The writer wonders whether the phenomena of chemical stimu- 
lation may not after all be cases of electrical stimulation which 
find their explanation in the electromotive phenomena described 
by Loeb and Beutner.® These authors observed that if we lead 
ofi from two spots of the surface of an intact animal or plant or- 
gan with two solutions of the same nature but of different concen- 
tration we notice the existence of considerable potential differences 
and these differences of potential follow Nernst’s logarithmic 
formula. Such differences of potential originate also when we 
lead off from two substances of equal concentration but of dif- 
ferent fat solubility. These E.xt.r. originate at the boundaiy of 
watery and water-immiscible phases, and Beutner has developed 
their theory. “ 

IVhen we immerse a neiu’e in a solution of Nas citrate or 
N(C;H5 )iC 1 these substances will probably not diffuse with equal 
rate through everj' spot of the sheath of Schwann. It will thus 
happen that at one spot at the surface of the medullary sheath of 
an axis cxdindera certain amount of N(C:H5)4C1 solution will col- 
lect, while a neighboring spot of the same axis cylinder contains 
this solution in a much lower concentration or not at all. This 
will necessitate a potential difference which will give rise to a min- 
ute current. If the irritabilit}' of the axis cjdinder is high enough 
this will give rise to a twitching in the corresponding muscle fibers. 
It agrees with this xdew that the twitchings of the muscle due to 
chemical stimulation of its nerve are extremeb' irregular, which 
would correspond to the possible ^regularities in the diffusion of 
these substances between the nerve fibrils. On this assumption 
we can also understand why onlj’’ electroljffes can cause a chemical 
stimulation. The currents observed b}’- Loeb and Beutner have 
nothing to do with the so called current of injury since thej" oc- 
cur in perfeetb'^ normal surfaces, but are of a sufficiently high 
order of magnitude to stimulate nerve or muscle. 

If the idea is correct that chemical stimulation is due to poten- 
tial differences set up through an unequal rate of diffusion of the 

® Loeb, J., and Beutner, R., Biocltetn. Z., 1912, xli, 1; 1913, li, 28S; 1914, 
lix, 195; Science, 1911, xxxiv, 884; 1913, xxxvii, 672. Loeb, Science, 1915, 
xlii, 643. 

’ Beutner, Z. physik. Chem., 1914, Ixxxvii, 385; J. Am. Chem. Soc., 1914, 
xxxvi, 2040, 2045. 
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“stimulating” salt through the sheath of Schwann, it follows that 
these microscopic currents must exist inside of the sheath of 
Schwann at the boundary of individual axis cylinders or their 
medullary sheaths. Currents arising at the outer surface of the 
sheath of Schwann would find in the outside salt solution a con- 
ductor of electricity so much better than the nerve fiber that 
practically no current could go through the latter and hence no 
“stimulation” could occur. 

If these hj'pothetical statements should be correct they would 
apply w'ith equal force to the explanation of the chemical stimu- 
lation of muscle. In the chemical stimulation of muscle Loeh 
has formerly described a curious phenomenon which is observed 
only at the beginning of the experiment when the muscle is 
put into solutions of Nas citrate, NaoH phosphate, Na2 oxalate, 
and others. It consists in this, that the muscle w'hich has not 
j^et commenced to tw'itch in these solutions will go into powerful 
contractions whenever it is taken out of this solution and put 
into air, oil, or some other non-conductor.’® This phenomenon 
would find its explanation in the assumption that in the begin- 
ning of the experiment the outer envelope of the muscle becomes 
unequally saturated or adsorbed by the stimulating salt and thus 
gives rise to local potential differences. As long as the muscle 
is in the solution the currents resulting from these potential dif- 
ferences wall flow through the outside solution and no twitching 
occurs. If the muscle is taken out of the solution the currents are 
forced to flow through the adjacent muscle fibers and hence cause 
twitching. This phenomenon was inexplicable before the e.v- 
poriments of Loeb and Beutner were made. 

While this explanation of chemical stimulation may seem safa 
factory,' it must not be forgotten that it is hj^pothetical. It " ’ 

not, however, contradict the idea that changes in concentration 
of ions at the surface of the nerve fibril are the cause 
stimulation as Nernst's theory assumes; it w'ould onl}' mean la^ 
in the so called chemical stimulation of the nerve potentia 
ferences due to unequal diffusion in different spots in t le nen 
may lead to galvanic currents in the nerve. 

An aJiernative explanation would be that the chemica s i 

Loeb,\Ajn. J. Plujsiol., 1900-01, iv, 423. 
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latioix of Nils citrates, etc., ov X(C2H5)4C1 upon newe (or muscle) 
is due to some chemicnl or molociilar influence of these salts upon 
the nerve or muscle fiber, provided the latter have a sufficiently 
high degree of irritability. This latter theory would make it 
difficult to understand why compounds of such different chemi- 
cal constitution as NfCilTliCl and Naj citrate could both stimu- 
late, while a purely electrical theory would find no difficulty in 
such facts. Lillie has developed a theoiy whereb}' the increase 
in permeability itself is the essential feature in stimulation;'^ 
which would agree with some of the facts given in this paper but 
which would leave unexplained the main fact ; namely, why onl 
conductors of electricity will cause twitchings of nerve and muscle. 

SmrMAUY OF RESULTS. 

1. It is shown that a non-stimulating salt like NH4CI can be 
made a powerful nerve stimulant if for the four hydrogen atoms 
ethyl groups arc substituted. NCCjID^Cl is a more powerful 
stimulant for the nerve than sodium citrate. 

2. There is little difference between the stimulating power of 
the chloride, hydroxide, and citrate of N (C2H6)j, showing that in 
this case the cation and not the anion determines the high stimu- 
lating power. 

3. This conclusion is supported bj’- the fact that in order to 
inliibit the stimulating action of the cation N(C2H5)4 through the 
addition of CaCL the same high concentration of this latter salt 
is required as for the inhibition of the stimulating action of sodium 
citrate. 

4. Both N(C2H5)4C1 and Nas citrate can only stimulate the 
nerve when the electrical irritability of the latter is a,t its normal 
height. If this irritabihty is only moderately diminished (b}^ 
putting the nerve for 2 hours into an isotonic sugar solution) 
neither sodium citrate nor oxalate nor N(C2H5)4C1 will stimulate 
the nerve. If, however, the original irritabilit3’- of the nerve is 
restored, by bathing the latter in NaCl, sodium citrate as well as 
N(C2H6)4C1 will stimulate the nerve again. 

5. It can be shown that when enough Ca is added to a solution 
of N(C2H5).C1 or Nas citrate to inhibit the stimulation, the irri- 
tability of the nerve is not lowered. 

" Lillie, R. S., Am. J. Physiol., 1911, .sxviii, 197. 
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6. It can be shoM-n that by adding a quantit5’’ of Ca not quite 
high enough to inhibit entirely the effect of the stimulatuig salts 
the latent period of stimulation is considerably increased, a fact 
which harmonizes with the assumption that the inhihiting effect of 
Ca is due to a prevention or retardation of the diffusion of the 
stimulating salt into the nerve. 

7. All these facts contradict the theory of Mathews that only 
the anions have a stimulating effect and that Ca (and all the cat- 
ions) have a depressing effect. 

8. Possible explanations of the connection of diffusibility and 
stimulating action of salts are discussed. 
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INTRODCCTION. 

In connection with the investigations concerning the occurrence 
and chemical properties of phj-tin and inosite phosphoric acids^ 
and the phj'siological role of these substances, we have under- 
taken a few experiments to determine the fate of inosite and its 
utilization in the animal organism. The previous work on phjdin 
in this laborator}'’ concerned itself chieflj’’ with the physiological 
relation of the phytin phosphorus to the metabolism. In the 
present paper we deal with the organic radical, inosite, of the 
phytin molecule. 

The wide distribution of inosite in the vegetable and animal 
kingdoms has led to many investigations concerning the physio- 
logical function of this substance in the animal organism. Since 
inosite was first discovered in muscle bj" Scherer^ it has been 
found in practically all the tissues and fluids of the bod}"'* and it 

* Road before the Section of Biological Chemistry at the Urbana meet- 
ing of the American Chemical Society, April 20, 191G. The experimental 
work herein reported was oarried out in the Institute of Physiologj-, Uni- 
versity College, London. 

’ Anderson, R. J., J. Biol. Chem., 1912, xi, 471; xii, 97, 447; 1912-13, xiii, 
311; 1914, xvii, 141, 151, 165, 171; xviii, 425, 441; 1915, xx, 463, 475, 483, 
493; New York Agric. Exp. Station, Technical Bull., 19, 21, 22, 25, 1912; 
32, 36. 1914; 40, 1915. 

^ Jordan, W. H., Hart, E. B., and Patten, A. J., Am. J. Physiol., 1906, 
xvi, 268; New York Agric. Exp. Station, Technical Bull., 1, 1906. Rose, 
A. R., New York Agric. Exp. Station, Technical Bull., 20, 1912. 

’ Scherer, Ann. Chem., 1850, Ixxiii, 322, 

* A review' of the literature wall be found in Jacobson, P., and hlej’er, V.. 
Lehrbuch organ. Chem., 1902, ii, pt. i, 807. 
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appears to be a normal constituent of the urine.® In the vege- 
table kingdom, inosite is also widel 3 ’^ distributed) occurring free 
in man 3 ^ plants and, particular^, conjugated rN’ith phosphoric 
acid as ph 3 din or inosite hexaphogphoric acid® in seeds, roots, or 
tubers. 

The earlier investigators" sought to establish some relation of 
inosite to the carboh 3 'drates and to the elimination of sugar in 
diabetes. Kiilz® in an extenshm series of experiments examined 
both normal and diabetic subjects. He found normal human 
urine practicall 3 ’^ free from inosite, but from the urine of si.x 
normal males after excessive drinking of beer or whie he obtained 
from 0.4 to 0.9 gm. of inosite. After feeding from 30 to 50 gin. 
of inosite to normal individuals he was able to recover onh’ from 
0.2 to 0.5 gm. of inosite from the urine. In the case of diabetics 
the same quantit 3 ’^ of inosite gave practicall 3 ^ the game result and 
there was no increase in the elimination of sugar. He thought 
for tliis reason that inosite might be utilized in the diabetic 
organism as a source of energ 3 ’- in place of sugar. By expen- 
ments on rabbits he also showed that inosite did not give rise 
to the formation of gl 3 'cogen. 

These studies were later continued b 3 ' ]Ma 3 ’er-® Sis resuts 
confirm those reported b 3 ^ Kiilz concerning the non-formation o 
ghmogen from inosite. After feeding from 2 to l5 g™- ® 

per os to rabbits, onty small amounts, from 2 to 2-4 per cen o 
the substance, were recovered from the urine. BTenitr\asgn 
subcutaneousl 3 q however, he foimd that from 26 to 51 pm cen^ 
of the inosite was eliminated unchanged in the urine. In a 
tion to the inosite small quantities of lactic acid’° rvere 
times isolated from the urine after the inosite had been ^0 . 
subcutaneousl 3 \ 

* Hoppe-Se 3 -ler’s Handb. Phys.- u. Path.-Chem. Analyse 
edition, 190.3, 220. St.arkenstein, E., Z. exp. Path. «. TMrap., 

75 // J9l2''13f 

® A review of literature is given by Rose,. A. R., BiochciS- “ ■’ 
ii, 21. 

* See Starkenstein,^ for a review of the literature. ^ 

* Kfdz, E., Sitzungsberichte Ges. z. Beford. ges. Xamrv■^- 
burg.\lS76; Beitr. Path. u. Therap. Diabetes Mellitus, 18i > 

’ ylhj'er, P., Biochcm. Z., 1907, ii, 393. 

Mwer, Binchem. Z., 190S, ix, 533. 
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Results very similar to the above were reported about the 
same time by Slarkenstcin.® About 5 per cent of the inosite given 
per os to rabbits was recovered in the urine. When the sub- 
stance was injected subcutaneously about 42 per cent and after 
intravenous injections about 50 per cent of the inosite was elimi- 
nated in the urine. This author concludes that inosite is a normal 
cell constituent; that it is only slightly oxidized in the body 
because a large percentage of it is eliminated unchanged in the 
urine after being given in subcutaneous or intravenous injections, 
and that disappearance of inosite given per os is not permissible 
as proof of its being oxidized by the body since it may be de- 
stroyed by bacteria in the intestine. 

It is evident from the work which has been done on this sub- 
ject that inosite given per os is cither largely destroyed by bac- 
teria in the intestine or else it is stored or oxidized in the bod 3 ’’, 
because verj' small amounts of it are eliminated in the urine. 
In the hope of throwing further light upon the fate of inosite in 
the animal organism we have carried out some respiration experi- 
ments with a dog which, in a fasting condition, was fed inosite 
per os just previous to being placed in the respiration apparatus. 
If inosite were oxidized in the bodj' in the same manner as the 
carbohydrates or dextrose, for instance, then a rise in the respira- 
tor}' quotient should be observed. The experiments have shown, 
however, that there was no appreciable rise in the respiratory 
quotient after giving 10 gm. of inosite. It is evident, therefore, 
that inosite is not oxidized in the dog in the manner of dextrose, 
and if oxidation or other changes take place they do so slowly 
and in such a waj' as not to affect the respiratoiy quotient during 
the first 2 hours following its ingestion. 

It was observed, about 2 or 3 hours after the inosite had been 
given, that considerable diarrhea set in. Unfortunately it was 
not possible to separate the urine and the liquid excreta; these 
were therefore examined together. In one case, however, the 
liquid feces were voided outside of the metabolism cage and the 
urine was collected quite clear. When this clear urine was ex- 
amined it was found to contain but 0.4 gm. of inosite. This 
shows, as in the case of man reported by Kiilz® and rabbits 
reported bj' Majmr“ and Starkenstein,^ that but small amounts 
of inosite are eliminated through the kidnej-s of the dog. llTien 
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the urine was mixed with liquid feces, however, verj" large quan- 
tities of inosite were obtained, and in one case as much as 77 per 
cent of the amount given was recovered from the mixed excreia. 

EXPERIMENTAL. 

The inosite used in this work was prepared from crude phytin 
by hy^drolyzing this substance wdth dilute sulfuric acid in an 
autoclave. It was carefully purified by repeated recr 3 ’stalliza- 
tion from water. The snow-white product finallj^ obtained was 
free from ash and melted at 220° (uncorrected). 

A small bitch w'eighing 5,700 gm. wms selected for these experi- 
ments and trained for use in the respiration apparatus. The 
animal was kept in a metabolism cage and fed once a day, in the 
evening, on cooked meat and dog biscuit, but during the period 
w'hen inosite wms given meat was the sole food. ^ 

The Benedict respiration apparatus described by Moorhouse, 
Patterson, and Stephenson^ w'as used. The carbon dioxide and 
oxygen measurements were made as there described, and for 
particulars we refer to the above paper. 

The animal was fed about 5 p.m., and the respiration observa- 
tions were made about IS hours afterwards. The quotients in 
this fasting condition are given in Table I. The figures obtained 
lie within the limits usuallj’^ observed under these conditions. 


TABLE I. 

Fasting Respiratory Quotients. 


Date. 1 

Length 
of period. 

CO: 

per minute. 

. O: 

per minute 

R. Q. 

Remarks. 

Feb. 11 

min. 

42 

cc.' 

40.35 

cc. 

54.61 

0 739 

Usual niovciTicnts. 

“ 12 

(B 

44 62 

58 65 

0.760 

Sometvhat resflt‘^=* 

“ 15 

58 

42 03 

55 72 

0.754 


“ 24 

46 

35 95 

45.65 

0.7S7 

Very quiet. 


The inosite wms given dissolved in about 70 cc. of warm vater 
This -solution was taken at first just as readil}' as one of g oco. > 

” Moorhouse, V. H.‘ K., Patterson, S. W., and Stephenson, 

J., 1915, ix, 176. 
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but after a while the inositc solution was absolutely refused and 
it had to be given by the stomach tube. A few minutes after the 
inositc had been given the animal was placed in the respiration 
apparatus, and the observation periods varied from U to about 
2 hours. It will be noticed bj' referring to the figures in Table 
II that the respiratory quotients during these periods are slightly 


T.VBLE II. 

Respiratory Quotients after Giving 10 Gm. of Inosite. 


Date 

Ivcncth 
of period. 

CO* 

1 per minute 

0: 

per minute 1 

1 

R.Q. 

Remarks 


i 

TTiin. 

1 "• 

cc. ^ 



Feb. 11' 

90 


57 73 

0 7S2 

Restless. 

“ 12 

120 


50 50 

0 791 

it 

“ 15 

123 


56 50 

0 780 

it 

“ 17 

111 

1 


5S OS 

j 

0.747 

tt 


higher than those in the fasting condition (Table I). The differ- 
ence is •verj’’ slight, however, and it is doubtful if the small rise 
in the respiratory quotient is due to o.vidation of the inosite. 
The animal showed signs of discomfort during the inosite periods 
and was more or less restless, consequently the oxygen measure- 
ment was more difficult. Diarrhea usually set in a short time 
after the animal was removed from the respiration apparatus. 

For comparison with the quotients tabulated above some fig- 
ures after feeding glucose are given in Table III. 


T^VBLE III. 

Respiratory Quotients after Feeding Glucose. 


Date. 

1 

Glucose 

Length 
of period 

1 

1 CO* 

1 per minute 

0* ' 
per minute | 

R Q 

Remarks 


ffni. 

min 

cc 

cc ' 

1 


Feb. 9 

mSM 

03 

59 77 

60 84 


Restless. 

GO 

■1 

78 

65 20 


■i 

if 


In Table IV are given the amounts of inosite'^ recovered from 
the urine and liquid feces. In this connection it must be stated 
that only the liquid portion of the excreta which collected in the 
bottle underneath the metabolism cage was analyzed for inosite. 

The inosite was isolated by the method of P. Klayer.® 
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TABLE IV. 


Inosile Recovered from Urine and lAqmd Feces. 


Experiment. 

1 

Inosite given. 

Inosite recovered. 

Remarks 


gm. 

gm. 

per cent 



1 

10 

0.40 

4.0 

Urine clear. 

2 

10 

4.00 

40.0 

« 

plus feces. 

3 

10 

1.27 

12.7 

U 

{( it 

4 

10 

2.25 

22.5 

U 

it u 

5 

10 

6.30 

63.0 

u 

i( it 

6 

10 

7.70 

77.0 

tc 

it tt 

1st dayl 
2nd “ / 

None. 

0.20 

1 

it 

clear. 

3rd “ 

« 1 

Trace. 


tt 

(C 








The variation in the amounts of inosite recovered in the first 
four experiments is due no doubt to the fact that in these periods 
the dog was used for the respiration observations and shortly 
after being removed from the respiration apparatus diarrhea set 
in and these liquid stools were lost. During the fifth and shdh 
experiments, however, the dog was kept in the metabolism cage 
the whole time and all the liquid feces and the urine were collected 
together. 

After the sixth experiment the clear urine was collected for the 
next 3 daj's, and anatyzed for inosite. By referring to the table 
it will be noticed that the combined urine of the 1st and 2nd da}s 
contained only 0.2 gm. of inosite while on the 3rd day a mere 
trace was obtained. This shows_that practically all the inosite 
given is eliminated within 24 hours; evidently, therefore, eit er 
none or very^ little of it can be stored in the body. 

Since the clear urine (Table IV) contained little and the urine 
'lijus liquid feces contained much inosite, it would seem that } 
faXthe greater portion of the substance was not absorbe a 
that\t was eUminated through the bowel. In order to deterinin^ 
to wlmt extent inosite is absorbed in the intestine the fo o^iOr 
expemnent was made. A section about 2 feet long of the .nw ^ 
interne of a dog was exposed^^ and washed out with phjsio 
salt solution. One end was ligatured, a solution of 3 
inSsite in 50 cc. of warm water was introduced, and t ic o 


;The operation was 


performed by Professor E. H. Starlin-. 
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cud was also ligatured. The whole was replaced in the abdomi- 
nal cavity, the incision loosclj’- closed, and the animal kept under 
chloroform for 2 hours. On removing the. section of the bowel it 
was quite distended and contained 90 cc. of liquid. From this 
liquid 2.95 gm. of inositc were isolated; i.c., the substance was 
recovered practically quantitatively. 

COXCLUSIOKS. 

Inositc is not utilized to any extent by the dog. It is not stored 
or oxidized in the body but the greater portion of it is excreted 
unchanged. When given at the rate of 2 gm. per kg. of bodj”^ 
weight it does not cause a rise in the respiratory quotient. 

As much as 77 per cent of the amount given maj^ be recovered 
from the excreta. 

Inosite is absoi'bed veiy slowlj- from the intestine, hence it 
causes a more or less severe diarrhea. As a result it is largeb" 
eliminated with the feces and only a small portion is excreted by 
the kidneys. 

The author acknowledges his indebtedness to Professor E. H. 
Starling for help and advice in carrying out the above e periments, 
and to Dr. V. H. K. Moorhouse for assistance in using the respira- 
tion apparatus. 
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have been reported by Mayer® and Starkenstein'* who both used 
rabbits as subjects. 

Of the previous investigations concerning the phj’siological role 
of inosite in man those of Kiilz® are probabl 3 ' the most thorough; 
he had an unusuallj’- large quantity of inosite at his disposal for 
experimental purposes, having prepared about a pound of it from 
green beans. The high price and the small available quantities 
of inosite have presented difficulties in carrying out investigations 
with this substance. For the present work we prepared several 
hundred grams of pure inosite as described on page 394. 

Our results confirm those of previous investigators that inosite 
given per os disappears and onlj’- small quantities are eliminated 
in the urine. Kiilz® recovered only about 0.9 per cent of the inosite 
given from the urine of human subjects. Our figures, however, 
are about ten times greater; i.e., we recovered from the urine 
neai’b' 9 per cent of the ingested inosite. Careful examination 
of the feces was made but we failed to obtain a trace of inosite. 
Consequent! j' the urine is the onlj' channel of elimination of 
inosite in man. 

In what manner the balance, about 91 per cent, of the inosite 
is utilized or destrojmd is uncertain. It has been showm b}’ tlie 
investigations of Meillere® and also b 3 ’' Starkenstein,'* that inosite 
is destro 3 'ed b 3 " the colon bacillus. It has also been shown hj 
Hilger*' and VohF that inosite is transformed into lactic acid bj 
the bacteria found in putrid cheese. Exper meats b 3 ' Starken- 
stein'* indicate that inosite is destro 3 md b 3 '’ autol 3 'tic ferments o 
muscles and the liver ■noth the simultaneous increase of lactic 
acid. 

Our results do not show' w'hether the inosite was destro} ed y 
bacteria in the intestine or underwent oxidation in the bod} . ^ 

the inosite was changed into lactic acid it is evident that on} 
traces of it were excreted as such, because there was no 
ciable increase of ammonia in the urine (Table III)- 4.t prc-'c 
we can only record the fact that of the inosite given onh a lou 
9 per cent escaped destruction and was recovered from the urin 

’ ;\Ia 3 -er, P,, Biochem. Z., 1007, ii, 393. 

* Starkenstein, E., Z. exp. Path. v. Therap., 190S-09, v, 37&. 

® Meillere, G., Compl. rend. Soc. bioL, 1907, Ixii, 1096. 

‘ Hilger, Ann. Chem., 1871, clx, 333. 

■ Void. H., Bct. chem. Gcs., 1876, ix, 984. 
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It is evident from the data presented in the experimental part 
that, except for the increased excretion of creatinine in the after- 
period, the ingestion of inositc at the rate of about 0.5 gm. per 
kg. of l)ody weight has no appreciable influence upon the metabo- 
lism of man. 


F.XPEIIIMEXTAL. 

To determine the channels of elimination of inosite in man we 
carried out the following preliminary experiment. One of us (B.) 
received 30 gm. of inosite dissolved in water in three equal por- 
tions during the day. The following morning a solution of 10 
gm. of inosite was given. About 4 hours after the first 10 gm. 
of inosite were taken a very loose waterj" stool was passed and 
during the 24 hours there were three more veiy wateiy stools. 
The second daj’^ the stools were almost of normal consistency. 
During the first and second daj^s the subject complained of an 
uneasy or uncomfortable feeling and of a peculiar sensation in 
the chest and abdominal muscles. This feeling disappeared 
towards the end of the 3rd day and on the 4th day he felt normal 
again. 

The urine and feces were collected in 24 hour periods and 
examined for inosite. For the isolation of the inosite we used 
the method of Mayer^ which is briefly as follows: The urine was 
evaporated to about one-fourth of its volume and precipitated 
with excess of lead acetate. After standing a short while the 
precipitate was filtered off on a Buchner funnel and washed with 
water. The filtrate was heated to boiling and precipitated with 
excess of basic lead acetate and finally rendered strongly alkaline 
with concentrated ammonia. After standing for 24 hours the 
precipitate was filtered on a Buchner funnel and washed with 
water. It was then suspended in water and decomposed with 
hydrogen sulfide. After removing the lead sulfide, the filtrate 
was evaporated on the water bath almost to dryness. The resi- 
due was taken up in a little hot water, decolorized with animal 
charcoal, again evaporated to small bulk, transferred to an Erlen- 
meyer flask, and brought to crystallization by the addition of 
about ten volumes of absolute alcohol. After the greater portion 
of the inosite had crystallized out ether was added until the 
solution turned cloudy and the whole was allowed to stand in 
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the ice box over night. The crystals were then filtered off, 
washed with alcohol and ether, dried in the air, and weighed. 

The feces were examined as follows: The fresh material rv-is 
stirred up with water until of uniform consistency. Lead acetate 
was then added and after standing for some time it was filtered 
and washed. The filtrate was evaporated, precipitated with 
basic lead acetate, etc., as mentioned above. 

The amount of inosite recovered in the excreta is given in Table 
I. 


TABLE I. 


Day ! 

Inosite given. 

Inosite recovered from the urine. 

Inosite rcco\ered 
from the fi>ccd 


gm. 

ffm. 

per cent 


1 

30 

2.6 

S.66 

■ None. 

2 

10 

1.1 

11.00 


3 

None. 

Trace. 




The results show that in man a small quantity of the ingested 
inosite is eliminated in the urine and that the feces contain none, 
also that it is either absorbed and oxidized in the body or else 
destroj'’ed in the intestine, and that the excretion of unchangc 
inosite is complete in 24 hours, because on the 3rd day the unne 
contained only a trace of the substance. We find that the quan- 
tity of inosite excreted by the kidneys is about ten times greater 
than found by Kirlz. This is probably due to the improve 
method of isolating the substance. 

In a second more extensive experiment we have sought to is 
cover if the ingestion of inosite produced an}”- change or distur ance 
in the metabolism. For this purpose we selected a perio o 
days during which the food of the subject (B.) was carefully 
lated. Unfortunately we failed to maintain any contro o ^ 
food intake during the days following the actual e.xperiinen ^o^ 
after-period. The results are vitiated also by the fact t 
\ period over which our experiment extended was not o su 
Uength to bring the subject to a condition of nitrogen equi i ^r^^ 
and that we analyzed only one sample of each artre e o ^ 
Since it was a liberal and mixed diet consisting of mea 
milk, potatoes, bread, etc., it is probable that the 
dm'ing the whole period was different from what we gu’'^ . 

the. result of one analysis. Despite these drawbacks wc c 
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fied in publishing briefl}' the results obtained because these results 
are negative; i.c., our observations have failed to reveal anj" 
noteworthy or striking change in the general metabolism as a 
result of the ingestion of inosite. 

During this second experiment which was begun a few months 
after the one reported above, we began the inosite period b 3 ' 
giving onlj' 15 gm. of the substance the 1st daj'. On the 2nd 
and subsequent daj’S 30 gm. of inosite were given. In tliis waj" 
the uncomfortable diarrhea was avoided. The stools were more 
frequent and softer than usual, but towards the end of the period 
they were nearlj’ of normal consistenej’. There were no feelings 
of discomfort, in fact the subject felt practicallj’’ normal through- 
out the experiment, performing his laboratorj^ work in the usual 
manner. 

The total nitrogen and phosphorus balance, with the caution 
mentioned above, is given in Table II. The difficulty of bringing 
man to a nitrogen equilibrium and the fact that the diet gave a 
nitrogen intake quite a little below the usual average daily intake 
of the subject makes the minus nitrogen and phosphorus balance 
have no special significance. 


TABLE II. 

Total Nitrogen and Phosphorus Balance. 


Day. • 

1 


Nitrogen 

gm. 

intake. . . . 
Nitrogen 

15.254 

exeretion 

Phosphorus 

15.018 

intake . . . 
Phosphorus 

1 832 

exeretion . 

2.1267 



gvx. 9 m. 

Total nitrogen intake, preliminary period, 54 649; inosite period, 46 635 
“ “ excretion, “ “ 55 520; “ “ 50 593 

Minus nitrogen balance, 0 871; 3 958 

“ phosphorus intake, preliminary period, 6 286; inosite period, 5 563 
“ “ excretion, “ “ 7 2215; “ “ 6 2297 

Minus phosphorus balance, 0 9355; “ “ 0 66S7 
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Figures covering the elimination of nitrogen in the urine arc 
tabulated in Table III. There was a considerable rise in the 
creatinine output which began on the last day of the inosite 
period and extended through the whole of the after-period, the 
first 2 days of the after-period showing a marked increase in cre- 
atinine elimination. During the after-period the subject ate the 
same diet as during the rest of the experiment hut the food was 
not accurately weighed. In view of this fact, the increased cre- 
atinine output during the after-period would seem to be an 
important observation and a matter worthy of further study. 

The uric acid, creatinine, and ammonia were determined by 
the Folin methods. 

TABLE III. 

Analysis of the Urine. Nitrogen Elimination. 


Preliminary Period. 


Day . ... 

1 

2 

3 

4 

Volume of urine, cc.. 

1,420 

1,4S0 


710 

Specific gravity. . . 

1.019 

1.015 


■UjjlS 

Total nitrogen, gm.. 

12.90S 

12.802 

12.273 


Uric acid, gm.. . 

0.C36 

0.C5S 



Creatinine, gm.. 

1.198 

1.199 



Ammonia nitrogen, gm. 

0.9C5 

0.804 

0.959 



Inosite Period. 


Day 

5 

c 

7 

s 

Volume of urine, cc 

■tBl 

810 

mm 

I 

Specific gravity. 


1.020 


Total nitrogen, gm.. . . 


9.914 

11.290 

Uric acid, gm.. 


0.403 


Creatinine, gm . .... 

Ammon-'a nitrogen, gm 

1.299 

1.0S9 

1.010 

O.SOS 

m 


After-Period. 


Da> . . 

1 

9 

1 

10 

11 

12 

Volume of urine, cc... . 

Specific gravity 

Total nitrogen, gm... . 

Uric .4cid, gm 

Creatinine, gm... . . 

Ammonia nitrogen, gm. . . 

1,175 

1.022 

12 009 
0.028 
1.729 
0.940 

1,390 

1.022 

13.232 

0.731 

2.1S3 

0.970 

1 

1,070 

102.3 

SP'^S 

0 707 
1.312 
OOSl 
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The phosphovvis elimination in the urine is recorded in Table 
IV. The total phosphorus was determined after destroying the 
organic matter by the Neumann method. The inorganic phos- 
phorus is that quantity which was directly precipitated by am- 
monium moh’bdate after acidifying the urine with nitric acid and 
adding ammonium nitrate. The organic phosphorus was found 
bj- difference. It will be noticed bj- referring to the table that 
the organic phosphorus varied from 0 to 0.0178 gra. with an 
average of 0.0102 gm. per day. This agrees with the average 
quantity of organic phosphorus usuallj- found in normal urine. * 


TABLE IV 

Bliminalion of Phosphorus in the Urine. 
Preliminary Period. 


Dav. 

1 


> 

3 

4 

Volume of unne, cc i 

1,420 

1,4S0 

1.170 ^ 

710 


per Cfn(j 

<jrn. 1 

percent! 

1 Qm. 

per Cffnf 

gm, j 

per cent' 

gm. 

Total phosphorus 

0 0S35 

1 1S57 


[l 2470 

0 0946 

I 1068 

0 1433 

1 0174 

Inorganic phos- 









phorus... . 

nwiBWd 

1 1729 


llWBIiltl 

1 1068 

USEIg 


Organic phosphorus. 

1 


iBSiB 

0 





Inosilc Period. 


Day. 

1 ^ 

6 

7 

8 

Volume of urine, cc 

7 

70 

810 

1,450 

900 


per cent 

gm 

percent 

1 gm 

percent 

gm 

per cent 

gm. 

Total phosphorus 


1 0549 




1 0759 

!o 1030 

0 9270 

Inorganic phos- 
phorus 


1 0456 

0 1165 

0 9436 

0 0738 


0 1014 

0 9126 

Organic phosphorus. 



|0 0009 

0 0073 

|0 0004 

jo 0058 

0 0016 

0 0144 


The amount of nitrogen and phosphorus excreted in the feces 
is given in Table V. A notable rise in the nitrogen excretion is 
observed during the inosite period. This was no doubt due to 
the more frequent stools and consequent less complete absorption 
in the intestine. Since it was shown in the preliminary experi- 

* For a review of the literature see Forbes, E. B., and Keith, M. H., 
Ohio Agric. Exp. Station, Technical Bull., 5, 1914, 190. 
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Inosite 


TABM V. 


Nitrogen and Phosphorus Excretion in the Feces. 


Day. 

Preliminary period. 

Inosite period. 

1 

2 

3 

4 

5 

6 

7 

8 

Nitrogen, gm 

2,110 

■ 


1.463 

2.439 

1.76S 

1 .851 

2.5S7 

Phosphorus, gm 

0.941 

m 


0.546 


0.452 


0.541 


ment that inosite was eliminated only in the urine the feces were 
not examined this time for this substance. 

In Table VI the daily intake of inosite and the quantities recov- 
ered from the urine are recorded. The same method of isolation 
was used as before. The inosite was excreted in about the same 
proportion as in the preliminary experiment. The total intake 
amounted to 105 gm. of inosite and only about 9 gm. were recov- 
ered. The balance, 96 gm., was either oxidized in the body or 
destroyed b 3 '’ bacteria in the intestine. Evidently the inosite 
could not have been stored fn the body because the elimination 
ceases with the intake. 


TABLE VI. 

Inosite Intake and Excretion. 


Day. 

5 

6 

7 

s 

9 

10 

n 

12 

Volume of 
urine, cc 

770 

810 

1,450 

900 

1,175 

1,390 

1,550 

1,070 

Inosite intake, 








None. 

gm 

15 

30 

30 

30 

None. 

None. 

None. 

Inosite excre- 








Trace. 



tion, gm 

1 

0.38 


3.19 

1 

2.5 

0.47 

Trace. 

Trace. 


Total intake, 105 gm. of inosite. 

Inosite recovered, 9.04 gm. or 8.6 per cent. 


SUMMARY. 

Wlien inosite is taken at the rate of about 0.5 gm. per kg. of 
body weight per day it produces some diarrhea at first or frcquen 
soft stools. After a few' daj'S the stools, although more frcquen 
nearty of normal consistency. 















R. J. Anderson and A. W. Bosworth 407 


Except for the increased excretion of creatinine in the after- 
period, for which wo can now ofTer no explanation, wo find that 
the ingestion of inositc has no marked or appreciable effect upon 
the general metabolism of man. 

About 9 per cent of the inosite taken per os is eliminated un- 
changed in the urine, but none in the feces. In what manner the 
balance, or about 91 per cent, of the inosite is utilized we have 
not been able to determine. 




THE NATURE OF THE DISEASE DUE TO THE EXCLU- 
SIVE DIET OF OATS IN GUINEA PIGS AND 
RABBITS. 

CASIMIR rUXK 

(r rom ihc Hnnhtiglon Fund, Loomis Laboratory, and the Harnman Research 
Laboratory, Ncu York ) 

(Reccis ed for publication, Maj 9, 1916 ) 

The subject of the present paper nas suggested bj the investigations of 
Morgen and Beger,* vho fed rabbits on a diet composed wholly of oats 
Their results coincided tilth those obtained bj other authors,® who also 
were unable to keep these animals alive for more than a few months To 
overcome this they added certain inorganic salts to the diet Sodium chlo- 
ride was found to stimulate the food intake, and calcium carbonate to 
prevent loss in w eight, but these failed to decrease the mortality They 
concluded that the disease which developed as the result of an evelusive 
diet of oats was due to acidosis, and tried to prove this bj experiments with 
sodium bicarbonate When this salt was added to the oats the animals 
remained in apparontlj good condition and with one exception lived for 
more than half a jear, when the experiment was discontinued 

Experiments similar to those described by Morgen and Beger have pre- 
viously been reported Lunin’ fed mice on a mixture of casein, fat, and 
sugar, and found that when sodium carbonate was added to neutralize 
the sulfuric acid formed from protein the mice lived longer Weiser* fed 
growing pigs on corn, and the chemical analjsis of urine and feces showed 
a positive nitrogen, but a negative phosphorus and calcium balance When 
calcium carbonate w as added the latter balances became positive A'' op- 
posed to this, Schaumann” has found that rabbits are unable to In eon 
corn even upon the addition of calcium carbonate, but do well when dried 
5 east (5 per cent) is added Laqueur* has shown the benehcial effect of 
sodium chloride m starving rabbits 


’ Morgen, A , and Beger, C , Z physiol Chem , 1915, xciv, 324 
- Holst, A , and Frolich, T , J Hyg , 1907, vii, 634 
® Lunin, N , Z physiol Chem , 1881, v, 31 
’ Weiser, S , Biochem Z , 1912, xliv, 279 

’ Schaumann, H , Arch Schiffs- it Tropenhyg , 1914, xviii, 363 
* Laqueur, E , Resume des comm et demonstr , IX Congr Physiol , 
Groningen, 1913 
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Disease from Oat Diet 


The question arises whether the change that occurs in guinea 
pigs and rabbits fed on a diet of oats can be considered as scurvy, 
notwithstanding its similarity to human scurr^r. Judging by 
the inactivity of the known antiscorbutics in the disease de- 
scribed, I have already^ expressed some doubt as to its nature, 
as the symptoms of starvation greatly complicate the diagnosis. 

The following investigations were undertaken to study the 
effect of feeding oats to rabbits, guinea pigs, and also to rats, with 
special reference to the effect of the addition of sodium bicar- 
bonate and the action of antiscorbutics. The conclusions were 
in accordance with those of Morgen and Beger that the addition 
of sodium bicarbonate when given in small quantities has a 
marked beneficial effect in rabbits. This result, together with 
the inactivity of a vitamine addition in the form of dried yeast, 
and the failure of the known antiscorbutics, indicates that this 
condition is probably due to acidosis. In guinea pigs the result 
wms different, as the sodium bicarboyiate was found to be without 
effect and the addition of antiscorbutics a marked failure, making 
the diagnosis of scurvy uncertain. It wms also found that the 
condition described as scurvy in animals is not suitable for test- 
ing chemical fractions obtained from the antiscorbutics, but we 
do not wish to generalize this statement as we have had no experi- 
ence with scurvy in monkeys (Hart and Lessing®). Whether 
scurvy in rats will prove a success in this respect is at present 
under investigation in this laboratory. 

The beneficial action of sodium bicarbonate in rabbits fed on 


oats does not indicate that scurvy is a ’deficiency disease, since 
when fed to pigeons, oats are found to contain a sufficient amoun 
of beri-beri vitamine to prevent the outbreak of beri-ben. 
even seems possible that rabbits are able to prepare the scuiv) 
vitamine from the beri-beri vitamine present in oats when so luni 
bicarbonate is supplied. 

In the original experiments of Morgen and Beger rabbits 'O ere 
fed oats with sodium bicarbonate added to the extent o pee 
cent, and occasionally other salts were given. In my first 
ment the sodium bicarbonate (1 gm.) wms introduced by mca 


’’ Funk, C., Die Vitamine, Wiesbaden, 1914. t- a r Stutt 

®JIart, C., and Lessing, 0., Der Skorbut dor kleinen Km e , 

gart\ 1913. 
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of a stomach tube; in another series of experiments an equivalent 
amount of hydrochloric acid was given h hour after the bicar- 
bonate in order to test whether the presence of sodium bicarbon- 
ate would not bo a sufficient stimulation. Care was taken that 
the quantity of liquid given .was identical in both cases. The 
result of this experiment is given in Table I, and although sodium 
bicarbonate stimulated the appetite, it had no life-prolonging 
action. A possible reason for this might be that the salt was 
given in too large quantity, 1 gm. at a time having been adminis- 
tered. The food was weighed back every day, but averages will 
be given for 3 weeks only. The dead animals showed marked 
scorbutic changes. 

TABT.E 1. 



Weight. 

Food intake. 

Death after 

Initial. 

Final. 

Initial. 

Final 



Qm. 

gv\. 

gm. 

gm. 

days 

Controls on oats. , 

I 

1,155 

775 

35 

23 

49 


II 

1,566 

880 

29 

19 

70 


III 

1,305 

884 

40 

22 

57 


IV 

1,311 

1,035 

44 

28 

28 

Oats and NaHCOj 

■1 

1,480 

1,232 

65 

33 

64 



1,387 

1,112 

50 

40 

37 


■SI 

1,140 

998 

41 

28 

49 


IV 

1,276 

1,592 

65 

54 

52 

Oats, NaHCOs, 

I 

1,623 

1,194 

53 

26 

58 

and HCl 

II 

1,380 


38 

38 

27 


III 

1,470 


40 

36 

35 


IV 

1,535 

1,445 

59 

59 

36 


In the next experiment the sodium bicarbonate was added to 
the extent of 1 per cent of the diet. The method again differed 
slightly from that used by Morgen and Beger, as the salt was 
given continuously instead of in periods, and this possibly accounts 


CORRECTION. 

On page 410, Vol. xxv, No. 3, July, 1916, the twenty -seventh line 
of text should read is not an argument against scurvy being a deficiency 
disease. 
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Disease from Oat Diet 


The question arises whether the change that occurs in guinea 
pigs and rabbits fed on a diet of oats can be considered as scur\y, 
notwithstanding its similarity to human scuiay. Judging by 
the inacthdty of the Imown antiscorbutics in the disease de- 
scribed, I have already’ expressed some doubt as to its nature, 
as the symptoms of starvation greatly complicate the diagnosis. 

The following investigations were undertaken to study the 
effect of feeding oats to rabbits, guinea pigs, and also to rats, with 
special reference to the effect of the addition of sodium bicar- 
bonate and the action of antiscorbutics. The conclusions were 
in accordance with those of Morgen and Beger that the addition 
of sodium bicarbonate when given in small quantities has a 
marked beneficial effect in rabbits. This result, together with 
the inactivity of a vitamine addition in the form of dried yeast, 
and the failure of the knowm antiscorbutics, indicates that this 
condition is probably due to acidosis. In guinea pigs the result 
was different, as the sodium bicarbonate wms found to be without 
effect and the addition of antiscorbutics a marked failure, making 
the diagnosis of scurvy uncertain. It was also found' that the 
condition described as scurvy in animals is not suitable for test- 
ing chemical fractions obtained from the antiscorbutics, but we 
do not wash to generalize this statement as we have had no experi- 
ence with scurvj'^ in monkeys (Hart and Lessing®). Whether 
scurvy in rats ivUl prove a success in this respect is at present 
under investigation in this laboratory. 

The beneficial action of sodium bicarbonate in rabbits fed on 
oats does not indicate that scurvy is a 'deficiency disease, since 
when fed to pigeons, oats are found to contain a sufficient amoun 
of beri-beri vitamine to prevent the outbreak of beri-beri. 
even seems possible that rabbits are able to prepare the scurv} 
vitamine from the beri-beri vitamine present in oats when so luni 
bicarbonate is supplied. . , 

In the o riginal exneriments_of3Ioreen and Beaer rabbits v 
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of a stomach tube; in another series of experiments an equivalent 
amount of hydrochloric acid was given k hour after the bicar- 
bonate in order to test whether the presence of sodium bicarbon- 
ate would not be a sufficient stimulation. Care wafe taken that 
the quantitj' of liquid given .was identical in both cases. The 
result of this experiment is given in Table I, and although sodium 
bicarbonate stimulated the appetite, it had no life-prolonging 
action. A possible reason for this might be that the salt was 
given in too large quantit}', 1 gm. at a time having been adminis- 
tered. The food was weighed back every day, but averages will 
be given for 3 weeks onlJ^ The dead animals showed marked 
scorbutic changes. 

TABLE I 



Weight 

Food intake 


Initial. 

Final 

Initial 

Final 




(f/n 

ffm. 

gm 

grn. 

days 

Controls on oafs . 

I 

1,155 

775 

35 

23 

49 


II 

1,566 

880 

29 

19 

70 


III 

1,305 

884 

40 

22 

57 


IV 

1,311 

1,035 

44 

28 

28 

Oats and NaHCO, 

I 

1,480 

1,232 

65 

33 

64 


II 

1,387 

1,112 

50 

40 

37 


III 

1,140 

998 

41 

28 

49 


IV 

1,276 

1,592 

05 

54 

52 

Oats, NaHCOj, 

I 

1,623 

1,194 

53 

26 

58 

and HCl . 

II 

1,380 

1,340 

38 

38 

27 


III 

1,470 

1,082 

40 

36 

35 


IV 

1,535 

1,445 

59 

59 

36 


In the next experiment the sodium bicarbonate was added to 
the extent of 1 per cent of the diet. The method again differed 
slightly from that used by Morgen and Beger, as the salt was 
given continuously instead of in periods, and this possibly accounts 
for the result obtained. It was found that this salt increased the 
appetite, but two out of four animals died showing scorbutic 
changes (Nos. II and III). The first rabbit was killed after 119 
days and carefully examined, but no pathological changes were 
found except a slight fragility of the bones and an enlarged right 
heart. 
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TABLE II. 




j Weight. 

Food intake. 

.. 

Death after 



Initial. 

I'inal. 

Initial. 

Final. 



gm. 

gm. 

gm. 

gm. 

days 

Oats and NaHCO, . . . 

I 

1,540 

1,142 

76 

20 

m 


II 

1,G20 

I, OSS 

67 

22 

107 


III 

1,38.3 

S67 

55 

19 

100 


rv 

1.730 

1,493 

66 

36 

Alive after 12.3 
days. 


The filial food intake was found to be much smaller than the 
initial one, indicating perhaps that all animals would eventually 
die. This again does not corroborate Morgen and Beger’s results. 
That rabhifs show great variability when kept on oats is denion- 
stiated in Table III. In this experiment two rabbits were kept 
on oats alone much longer than the controls of the first experi- 
ment. The first of these rabbits was pregnant and gave birth to 
eight apparently normal young after 40 days on a diet of oats. 
This animal lived during 95 days on tliis diet and was in good 
condition when the experiment was discontinued, shoeing only 
a moderate loss in weight. 


TABLE in. 



Weight. 

Duration. 


Initial. i 

Final. 




flm. 


1 9ri. 

1 days 

Oats. 

I (Pregnant.) 

3,690 


\ 3,300 

95 

1 

II 

2,036 


1,500 

76 


The Action of Yeast and Various Antiscorbidics in Rahbils 
Fed on Oats. 

In this experiment four I'abbits were given oats with t 
cent yeast for 12 days, then 10 to 20 cc. of potato juice for 6 
days, and finally y-east and potato juice together. The juice w.'i- 
prepared by grinding fresh potatoes and filtering the pulp nh ^ 
suction without diluting it. The figures under “Food 
tire successive weekly' averages. The experiment, howcier, 
discontinued as the food intake was poor in spite of the addition. 
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TABLE IV. 



WciRlit. 

AvornRo food 
intake. 

Dura- 

tion. 

Result. 

Initinl. 

Final. 



(TK). 

pm. 

gm. 

days 


Oats, yeast, and 

I 

1,470 

1,251 

02, 52, 2G, 12 

35 

Died. 

potato juice. 

II 

1,2G0 

1,143 

C3, 59, 2G, 8 

35 

Discontinued. 


III 

l,2oS 

1,024 

47, 34, 21, 14 

35 

Died. 


IV 

1.2G5 

1,342 

81, 62, 25, 35 

35 

Discontinued. 


Rabbits I and III showed scorbutic changes at autopsy. The 
experiment with j-’east was repeated on several other rabbits with 
identical results. 

Besides yeast and potato juice a series of experiments were 
undertaken with germinated oats, which, according to Furst“ 
prevent the outbreak of scurv3" in guinea pigs. Apparently the 
soaked seeds were not a suitable diet, as the animals died in a 
short time. 


Experiments on Guinea Pigs. 

The experiment in which sodium bicarbonate was given to 
rabbits was repeated with guinea pigs, the salt being mixed with 


TABLE V. 



Weight. 

Food intake. 

Death from 
scurvy 
after 

Initial. 

Final. 

Initial. 

Final. 



pm. 





days 

Oats. 

I 

388 





30 


II 

3G6 



Food intake steadily 

24 


III 

371 

252 


decreasing. 

22 


IV 

392 

305 

.. 




22 


1st week. 

2nd week. 



■1 




pm. 

pm. 


Oats and 

H 

502 

364 


19 

2 

18 

NaHCO,. 


539 

383 


25 

24 

24 


■si 

644 

468 


29 

2 

17 


IV 

525 

543 


41 

22 

17 


Fiirst, V., Z. Hyg. u. Infcclionskrankh., 1912, Ixxii, 121. 
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the oats. The result obtained differed from that 'with rabbits, in 
that the animals died earlier than the controls. lYe therefore 
are not justified in considering that the pathological condition 
due to the feeding of oats is acidosis. 

In Table VI the results of the experiments with various anti- 
scorbutics on guinea pigs are summarized. Experiments were 
undertaken with potato juice, milk, lime juice, and with various 
fractions prepared according to a previous paper.*” The best 
preventive action wms obtained with milk, but onlj' when large 
quantities w'ere given. 


TABLE VI. 



Wei 

Initial. 

ight. 

Final. 

Dura- 

tion. 


Ilesult. 




gm. 

gm. 

days 





Controls on oats. 

I 

425 

315 

26 

Died; 

symptoms of 

scury 


rr 

4To 

330 

24 

J/ 


tt 



III 

615 

380 

16 

tt 

U 




IV 

457 

250 

27 

l( 

It 

It 



V 

427 

250 

22 

U 

tt 

It 


• 

VI 

390 

i 230 

21 

it 

tt 

it 



VII 

348 

207 

30 

t( 





VIII 

372 

231 

24 

i( 





IX 

267 

154 

27 






X 

261 

164 

25 






XI 

263 

177 

22 



of SCUOT 


XII 

248 

190 

24 

Died; symptoms 


XIII 

310 

ISO 

24 

it 






In the last period nothing or very little was eaten. Average duration 
24 days. Average loss in weight 37 per cent. 


Funk, Biochem. J., 1913, vii, 81. 
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TADLn VI— Concluded. 



\\ ci^ht. 

Dura- 

tion. 

Result. 

Inlthl 

Final. 

Phosphotun gs t i c 

I 

4S1 

325 

24 

Died of scurvy. 

acid fraction 


040 

315 

28 

(( it (t 

from 15 liters of 


752 

600 

20 

“ “ “ Average du- 

lime juice made 





ration 25 days. 

up to 1 liter. 20 


542 

290 

30 

Died of scuiA'y. Average 

cc. daily, and 





loss in weight 34 percent. 

oats. 






Phosphotungstic 


SSO 


mm 

Alive. 

filtrate fraction 


700 


mm 

Died of scurv}’. 

in amount corre- 

i 

605 

Hnil 

16 

it <C it 

spending to the 


435 

335 

18 

« it it 

above, and oats. 






25 cc. potato juice 


302 

238 

34 

“ “ “ Loss in 

dail}' and oats. 





weight 38 per cent. 



391 

244 

30 

Died of scurvy. 

25 cc. milk dail3’ 


407 

292 

38 

it ft ft 

and oats. 


447 

393 

50 

Alive. 

50 cc. milk dailj’ 


395 

375 

50 

tt 

and oats. 


354 

440 

50 

it 

Protein-free milk. 


438 

269 

29 

Died of scurvy. 

corresponding to 


319 

185 

38 

it tt tt 

200 ec. fresh 


[ 342 

247 

33 

tt tt tt 

milk, and oats. 


415 

287 

35 

tt tt tt 

Alcoholic e.xtract 



268 

24 

tt tt tt 

from 3 liters of 



282 

14 

ft tt tt 

milk made to 300 






cc., 40 cc. dailj'. 






and oats. 






30 gm. milk pow- 


163 

90 

25 

tt tt tt 

der extracted 


201 

161 

92 

Alive. 

with alcohol 






added, and oats. 






The same diet as 


142 

168 

92 

tt 

above but no 


112 

90 

24 

Died of scurvy. 

extract. 
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Rats on Diet of Oats. 

Rats can be maintained on oats and white bread for a long 
time, although it was found that young rats do not grow on tliis 
diet and the addition of sodium bicarbonate had no beneficial 
action. The failure of young rats to grow on oats coincides 
with experiments^^ on 3 ''Oung chickens that failed to grow on 
unpolished rice. We even use the diet of oats and white bread 
to inhibit the growth of rats prior to feeding of the experimental 
diet. Further details on oats in relation to growth will be pub- 
lished later. Rats which are fed on oats autoclaved at 15 pounds' 
pressure die quicklj'-, as is shown in Table ATI. 


TABLE TO. 


Weight. 

Duration. 

Initisl. j 

Final. 

pm. j 

gm. 

. days 

105 

66 

20 

76 

59 

i 6 

103 

56 

9 

140 

80 

21 


SmUMARV. 

The symptoms that develop in rabbits fed on oats are due 
possiblj^ to acidosis and not to scurvj’^, judging from the beneficia 
effect of sodium bicarbonate and the ineffectiveness of the an i 
scorbutics. Guinea pigs on the same diet are not influence 3 
the alkali and respond so slightly to the action ofantiscor u ics 
that the identit 3 ’^ of this condition with human scur\y seem- 
doubtful. Rats can live on oats for a considerable time, bu no 

on autoclaved oats; young rats, however, fail to grow on t 's 

n Funk, Proc. Roy. Soc. Med., 1913, vii, 9; Z. physiol. Chem., 1013, 
ixxxviii, 352, 






THE COMPOSITION AND PHYSIOLOGICAL ACTIVITY 
OF THE PITUITARY BODY. H. 

Bv FREDERIC FEXGER. 

{From the Research Laboratory in Organothcrapculics of Armour and Com- 
pany, Chicago.) 

(Received for publication. May 5. 1916 ) 

Comparison of Aclivitp of Adult and Infant Glands. 

In a pre^■ious communication* it was shown that no distinct 
seasonal variation exists in the phj-siological activity and chemi- 
cal composition of the pituitarj' body of cattle. Only glands 
from adult animals were investigated. 

The material for the present work was selected from calves 2 to 
4 months old, as well as from full grown cattle. None of the 
calves had been castrated or spayed, while a large majority of the 
mature animals were steers. Glands available for manufactur- 
ing purposes are obtained from the large abattoirs, and the ma- 
jority of cattle slaughtered for human consumption are steers. 
With the exception of the sex glands and the thv-mus, the vari- 
ous organotherapeutic preparations are manufactured from glands 
obtained from castrated and non-castrated animals indiscrim- 
inately. 

It has been pointed out that a high percentage of pituitary 
glands from cattle contain solid colloidal deposits between the 
anterior and posterior lobes at aU four seasons. These deposits, 
which take the shape of the intralobular space and often expand 
the gland to the point of deformitj', were found both in large and 
small glands, and no relation could be established between the 
size of the colloidal substance and of the gland. A munber of 
pituitarj’ bodies from yoimg calves contained a light colored, 
opalescent, viscous hquid, but no solid colloidal noaterial. The 
formation of solid colloids, therefore, is not a normal occurrence 

* Fenger, F., J. Biol. Chem., 1915, xmi, 2S-3. 
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during the growth period, but happens in the adult stage. The 
solid colloidal material is insoluble in ail the ordinaiy solvenls 
and is physiologicallj’- inert. It is evident, therefore, that the 
inspissated colloidal masses consist of the insoluble non-dialj'zable 
portion of the pituitary secretion, which in the course of time has 
collected in such quantities as to be obstructive and undoubtedly 
of dOnsiderable hindrance to the normal ftmctions of the gland. 

The calf glands were collected from approximately 900 healthy, 
non-castrated calves, 2 to 4 months old, during December, 1915. 
The pituitaries from full grown cattle, representing many thou- 
sand animals, were obtained during the summer and fall of 1915. 
The method of collecting and preparing the glands for anahiical 
purposes was identical with that described in detail in a pre\ious 
communication.^ In Table I are' given the weights of the fresh 
glands and the yield of posterior lobe, also the moisture, the pe- 
troleum ether-soluble portion, and the ydeld of desiccated fat-free 
material. In the desiccated, fat-free, powdered material the 
moisture, ash, and total phosphoric acid were determined. Only 
the calf glands were submitted to chemical analysis, as variou: 
lots of the glands from mature animals have been analyzed ant 
reported in a prertous paper.^ 

T.VBLE I. 


Lobes from Calves Collected December, 1915. 

- 


S7o 

Weight, gm. 

0.7 


1.1 

^linimum 

o.t 

Yield of posterior lobe from whole glands, per cent.. 

12.0 


Anterior. 

potenor. 


c(nt 

77.0 

prrrr'J 

77.S 

2.C 

19.C 


1.3 


21.1 


4.50 

C.P5 


4.S0 

i 


2.0S 
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These figures do not difi'er inalcrialh’^ from those obtained from 
full grown cattle, except that the phosphoric acid is slightl 3 ^ higher, 
both in the anterior and posterior lobes of the calf glands. 

The petroleum ether-soluble portion of the posterior lobe from 
pituitaiy bodies is a j’ellowisli brown, wax^'' substance resembling 
crude phospha tides as obtained from brain tissue by the same 
solvent. It forms emulsions with water readil 3 ', but possesses 
no uterine-contracting power. A sample contained 4.74 per cent 
of PsOs, equivalent to 53.3 per cent of lecithin. 

The ph 3 ’siological activit 3 ’’ of the posterior lobe, both from calf 
and cattle glands was determined b 3 ' the isolated uterus method as 
outlined b 3 " Roth.= The various pituitar 3 " solutions were made to 
represent a 5 per cent solution of the fresh posterior lobes. The 
glands were finel 3 ' minced, macei'ated with slight^' acidulated 
isotonic salt solution, heated to boiling, and filtered. The clear 
liquid was filled into ampules and sterilized. B 3 ’^ mincing the 
glands e.xceedingl 3 ^ fine and b 3 ' improved methods of extraction 
and filtration, solutions were produced which far surpassed in 
activit 3 ' those prepared in this laboratoiy and reported a 3 ’-ear 
ago.' 

The standard was prepared by dissolving 0.1 gm. of 0-imi- 
dazolylethylamine h 3 '-drochloride (hereafter referred to as I) in 
100 cc. of distilled water. This liquid was poured into ampules 
and sterilized at the same time and temperature as the lots of 
pituitar 3 '- liquid. The standard as well as the various pituitar 3 '' 
liquids were made in duplicate. A 1 : 20,000,000 dilution of the 
standard in Locke’s solution was maintained throughout the ex- 
periments. Various dilutions of the pituitaiy liquid were tried 
until the exact strength was found which matched the contraction 
produced by the standard. It may be mentioned here that the 
dilution of the standard in Locke’s solution keeps well throughout 
the day, but the dilutions of pituitar 3 ’^ liquid must be tested soon 
after they are made up as Locke’s solution has a deteriorating 
effect on the uterine-contracting active principle, and solutions 
lose considerable strength on standing for 1 or 2 hours. 

The selection of a suitable uterus is not always an easy matter. 
Often three or four guinea pigs have to be Idlled before a satis- 

2 Roth, G. B., Bull. Hyg. Lab., U. S. P. H., No. 100, 1914. 
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factor^’^ strip is obtained. The individual sensitiveness towards 
pituitarj^ and /3 I varies considerablJ^ It is, consequently, only 
bj' comparing several tracings made on different da3'S that a 
fairfy correct conclusion in regard to the actual strength of a 
certain solution may be drarsm. It would be desirable to obtain 
a standard which resembles more closelj’’ the active principle of the 
posterior lobe than does d I. In this laboratorj^ a 2.5 cm. strip 
of the uterine end of one of the horns is emplojmd. The ovarian 
end is discarded. The attachments are made bj^ running a silk 
thread through the strip with the aid of a fine needle and then 
maldng a loop once around the entire strip and fastening with a 
knot. This prev^ents sagging of the uterus during the test and 
does not interfere with its sensitiveness. The silk attachments 
are made wliile the uterus is still in place in the animal. This 
saves time as well as unnecessarj’’ and undeshable handling of the 
strip. It generallj’’ takes from 1 to IJ hours to adjust the uterus 
and balance it so that the rhythmical contractions are regulated 
to the proper size. Concordant and reliable results may then be 
dbtained for 3 or 4 hours. After that time the uterus becomes 
hypersensitive and the tracings are consequently unreliable. 
Some uteri are rather slow in getting back to rhythmical con- 
tractions after the active solutions have been replaced by t c 
blank, but in all instances this must be done before a fresh tci 
solution is added. In case the guinea pig is light and the uterus 
thin, both horns may' be tied together and the lower attachmen 
fastened weU into the body of the uterus. 

In the present work determinations were made several 
different day's during the last few months, and it was foun 
the following dilutions of the original 5 per cent solutions ° 
posterior lobes were necessary' to produce the same eon rac 
as a 1 ; 20,000,000 dilution of the standard. 


Posterior lobes from full grown cattle. 
“ “ “ young calves 


1 : 3S,000 
1 : 40,000 


These figm-es indicate that the pituitary bodies rom 
animals are slightly' more active than the glands from u^ 
cattle. This is in accordance with conditions foun 
ductless glands, such as the thy'roid, thymus, and supra 
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In order to' detennine the quantity of the water-soluble por- 
tion of the posterior lobe, 10 gm. portions of the fresh, finety 
minced lobes were extracted with water containing 0.5 per cent 
of glacial acetic acid, boiled for 10 minutes, cooled, made up to 
100 cc., and filtered. If no acid is used a turbid solution results 
from colloidal suspension of lecithin and similar products, and it 
is impossible to filter the liquid clear. The filtrate after evapora- 
tion in vacuo to constant weight gave 0.G91 gm. of total solids. 
In other words, 6.91 per cent of the fresh posterior lobe is soluble 
in acidulated water. The dry, acid water-soluble extractives pos- 
sessed a uterine-contracting power of approximatelj’^ one-half the 
strength of the crystalline l3 I. This residue forms j’-ellow, hygro- 
scopic, amorphous scales, and contains besides the uterine- 
contracting active principles, considerable amounts of phosphates 
and a high percentage of water-soluble organic extractives. 

The uterine-contracting active principle may also be extracted 
bj’- means of alcohol, as shown by the following experiments. 
Some finelj’ minced fresh posterior lobes were extracted with 
neutral, and others with acidulated methyl or ethyl alcohol, using 
100 gm. of glands and 200 cc. of alcohol. The glands were macer- 
ated with the solvents, heated to boiling, and filtered.. The 
residues were washed with more solvent and the filtered liquids 
evaporated to dryness m vacuo. The dry residues thus obtained 
were exceedingly active. The acidulated methyl alcohol extract, 
for instance, showed a uterine-contracting power somewhat 
stronger than pure /3 I. This particular residue was of a ji’ellow- 
ish brown color and contained lipoids, organic extractive matters, 
phosphates, etc. It was only partly soluble in water and it is 
certain, therefore, that the pure active principle of the posterior 
lobe must be very much stronger in uterine-contracting power 
than crystalline /3 I. The lipoids, although inert themselves, 
seem to be closely associated with and to exert a protective ac- 
tion upon the active principle. If, for example, the desiccated 
alcohol extract is redissolved in acidulated water in which the 
lipoids are insoluble, and the clear filtrate evaporated to dryness, 
the resulting extract is lower in uterine-contracting power than 
the original alcoholic extract. The active principle is apparently 
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susceptible to oxidation from the air. This is shown by the fact 
that solutions made from the desiccated fat-free gland are less 
active than those made from the fresh gland when proportionally 
equal amounts are employed. 

StFMMARY. 

The phj'^siological activity of the posterior lobe of the pituitary 
body is somewhat higher dming the gro^dh period than after 
maturity. This is analogous to the conditions e.xisting in the 
thyroid, the thymus, and the suprarenals. The infant gland 
contains more phosphates both in the anterior and posterior lobes 
than glands from fully mature animals. 

The uterine-contracting active principle of the posterior lobe 
of the pituitary body is readily extracted from the fresh glands by 
water and also by neutral and acidulated methjd or ethjd alcohol. 
The acidulated methyl alcohol extract is more than twee as strong 
as the water extract and somewhat stronger than pure crystalline 
|3-imidazolylethylamine hydrochloride. 



THE ROLE OF PSYCHIC AND SENSORY STIMULI IN 

THE HYPERGLYCEMIA PRODUCED BY LOWERING 
THE ENVIRONMENTAL TEMPERATURE OF DOGS. 

By B. KRAMER and II. W. COFFIN. 

{From the Physiological Laboratory of the College of Medicine, Slate 
University of loica, Iowa City.) 

(Received for publication, ^lay 2, 1916.) 

In 1845 Claude Bernard* discovered that glucose is present in 
normal blood. Since this discoveiy a large number of articles 
have appeared dealing (1) with methods for the quantitative 
estimation of the sugar content of the blood of various animals; 
(2) with the relative distribution of the sugar between the cor- 
puscles and plasma ; (3) with the nature of the reducing substances 
in blood; and (4) with the variations in the amount of sugar in 
the blood under phj’^siological and pathological as well as under 
experimental conditions. This voluminous literature has been 
abl}’^ reviewed b}’^ Bang,- Macleod,® and Allen.'* 

Cannon and his collaborators^ made the discovery that during 
strong emotion there occurs an increase in the percentage of 
sugar in the blood of cats synchronous with the appearance of a 
substance in the blood which inhibits the rhythmical contractions 
of the intestinal segment. Hirsch and Reinbach® subsequent!}^ 
found that a hyperglycemia of considerable degree may be pro- 
duced if a dog is tied to a frame. These observations made it 
necessar}"^ to reinvestigate the work of earlier investigators with 

* Bernard, C., Legons sur lo diabete, Paris, 1855, 175. 

“ Bang, I., Der Blutzucker, Wiesbaden, 1913. 

’ Macleod, J. J. R., Diabetes: Its Pathological Physiology, New York, 
1913, 23. 

* Allen, F. M., Studies concerning Glycosuria and Diabetes, Cambridge, 
1913. 

‘ Cannon, W. B., Shohl, A. T., and Wright, W. S., Am. J. Physiol.,, 1911- 
12, xxix, 280. 

® Hirsch, E., and Reinbach, H., Z. physiol. Chem., 1914, xci, 292. 
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month, so that the animal became thoroughly accustomed to it before the 
analj-ses were accepted. 

A sample of blood was dr.awn at 10 a.m. and the room temperature was 
noted. The windows were then opened, the room was rapidly cooled, and 
blood was collected at intervals of 1, 4, and G hours. In some cases the 
cage was carried to a eold room. Tlie room was then wanned and another 
S!imple of blood obtained. In subsequent e.yiroriinents the animal was 
exposed to a w.ami environment for several days, then to a cold one for 4 
days, and then again to a warm atmosphere for an equal period of time. 
IVo and occ.asionally three s.amples of blood were drawn during the day 
at 4 and G hour intervals. All analyses are .averages of duplicates which 
agree within 2 mg. of glucose in 100 cc. of blood. 

Collccling the Dlood .^^ — Ilirsch and Rcinbach drew blood in a similar 
manner. The dog’s ear was shaved 1 or 2 days before and cleaned with 
alcohol and ether. lYhen about to collect the blood the animal was gently 
lifted from the cage by the man who fed her, placed upon a table, and an 
incision was made into the edge of the ear with a sharp razor. The first 
few drops were allowed to flow away and subsequent drops were caught in 
a wide-mouthed bottle which contained a pinch of potassium oxalate 
powder. The application of a little pressure with a piece of sterile gauze 
or a piece of clean p.apor towel frequently sufficed to stop the flow, and 
when this was later removed blood again commenced to drip from the in- 
cision. In most cases the dog showed no discomfort during the entire 
procedure. Detailed notes were made as to the conduct of the dog while 
blood was being drawn and occasionally during the interim. 

Method of Analysis . — The method used for estimating the sugar content 
of the blood was that of Lewis and Benedict,'^ the original technique being 
closely followed. A solution of Kahlbaura’s pure Traubenzucker was used 
as a standard. This was rcstandardized from time to time. By drawing 
from 2 to G cc. of blood each time it was possible to analyze two or three 
specimens from the same sample and thereby obtain from four to six ali- 
quots from each sample of blood collected. In order to test the 
accuracy of the method in our hands we analyzed specimens of blood of 
known sugar content to which definite quantities of the glucose standard 
had been added. Table I shows that glucose added to blood was recovered 
almost quantitative^’. In view of the fact that but slight changes in 
blood sugar content were expected it was necessary to show that our 
margin of technical error was small. Duplicates and triplicates were 
therefore done on the same sample of blood and, as seen in Table II, our 
maximal variation is 2 mg. of glucose in 100 cc. of blood. 

All colorimetric readings were made by one of us (K). Long’^ calls 
attention to the tendency of colorimeter prisms to slip down when the 

The method of obtaining the blood was suggested to us by Dr. F. P. 
Underhill. 

Lewis, R. C., and Benedict, S. R., /. Biol. Chem., 1915, xx, 61. 

Long, J. H., J. Am. Chem. Soc., 1916, .xxxviii, 716. 
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external temperature is high, due to the liquefaction of the 'aa\ by means 
of 'ft-hich the prism is fixed in the collar, thereby introducing an error in 
reading the colorimeter. We were aware of this danger and therefore read 
the standard against itself both before and after each set of readings 

TABLE I. 


Recovery of Glucose Added to Blood of Known Sugar Content. 


Specimen 

Theoretical. 

1 

Pound 

Difference 


mg 

mg. 

mg 

[ per cent 

51 * 

3 365 

3 412 

0.047 


53 i 

3 287 

3 300 

0 013 


58 

3 159 

1 

3 216 

0.057 • 

■i 


TABLE II. 


Margin of Error tn Duplicates. 


necimen 

A. 

B 

Specimen 

A 

B 


mg. 

mg. 


mg. 

fn; 

64 

0 

087 

0 087 

79 

0.051 

0 033 

65 

0 

094 

0 095 

84 

0 091 

0 059 

67 

0 

105 

0 104 

82 

0 096 

0 093 

76 

0 

098 

0 096 

85 

0 053 

0 033 

77 

78 

0 

0 

097 

092 

0 097 

0 091 

86 

87 

0 059 

0 054 

0 037 

0 057 






0 091 

0 091 


In Table III we have recorded the percentage of sugar in | 
blood, the room and rectal temperature, the day and hour t la 
the blood was drawn; also whether or not it was necessary to nw 'C 
a new incision in order to get a sample of blood. In the a i 
column the conduct of the dog during the collection o 
blood is indicated. This table shows that in the absence o 
sory and psy'chic stimulation there is no appreciable change^i^ 
the percentage of sugar in the blood of a normal^ dog 
the animal is exposed to a room temperature of 2°C. 
and the environmental temperature fluctuates from 2-- 
the other hand, if Iw rubbing the incision the dog be 
fortable, considerable increase in the sugar content o a 
may be observed. IMien the blood sugar had risen o 
cept a new incision was made and the blood .«ugar co 
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once betran to drop in spite of the simultaneous fall in the external 
temperature, thus indicatinjr clearly that the essential factor is 
not the external temperature but the emotional state of the ani- 


Tvnt.E in 




1 

Glu- 

Temperature 

Ilour 

Source, 
old or 

Conduct 


K 

02 

CO50. 

Room 

Rectal 

new m- 

ci-ion 

191G 

Jan. 25 

36 

Vfr cfnt 

0 093 

“C. 

24 

"C. 

3S G 

8 .30 a. in. 

Old. 

Quiet. 

It 

2G 

37 


14 

38 8 

2 10 p in. 


“ unconcerned. 

tt 

26 

38 

RmS 

26 

38 6 

5 15 “ 

tt 

Resisted handling. 

it 

27 

39 

HBS ' 

20 5 

38 4 

1 50 “ 

ti 

Quiet. 

tt 

27 

Koi 

I3Bk 1 

8 0 

38 7 

4 50 “ 

tt 

“ unconcerned. 

tt 

2S 

42 

raSi 

+ 20 

38 8 

12 00 m. 

It 

(E.vposed to cold for 31 

Ave 
« :ji 

rage 

44 

0.0S9 

0.092 

15 5 

38 7 

9 00 a m 

Xew 

hrs.) Quiet. 

Struggled at first. 

tt 

31 

45 

0.0S9 

4 

38 7 

10 00 “ 


It tt 

tt 

31 

46 


0 0 

38 7 

3'00 p m 

Old. 

Excited by class in ad- 

Feb. 

1 

47 


18 

38 6 

10 25 a m 

tt 

joining room. 

Quiet . (Cage carried t o 

tt 

1 

48 

IH 

+ 2 

38 7 


tt 

cold room.) 

Whined a little. 

tt 

1 

49 

liinmi! 

- 3 

39 2 


tt 

Shivered, otherwisequiet 

tt 

5 

51 

InHiV 

2 6 

39 1 


tt 

Cut did not bleed freely; 

it 

5 

52 

H 

0 0 

38 8 

3 10 p.m. 

tt 

rubbed cut with gauze. 

tt 

8 

53 


16 

38 9 


tt 

Resisted slightly. 

tt 

8 

54 

liViiS 

+ 3 

39 1 

11 25 “ 

tt 


ti 

8 

55 

0.104 

+ 3 7 

38 8 

2 45 p.m. 

It 

Restless. 

tt 

9 

56 


+20 0 

38 8 

9 25 a.ra. 

New. 

Ear appeared tender so a 

tt 

9 

57 


4 1 

38 9 


« 

new cut was made. 
Quiet. 

tt 

9 

58 

0.094 

4 7 

38 8 

2 40 p.m. 

tt 

Quiet. 

tt 

9 

60 

0.093 

21 2 

38 8 

10 30 a.m. 

Old. 



mal. However, if a dog is kept in a cold environment for a 
period of 24 hours or more a hj^perglycemia appears which is 
not to be attributed to sensoiy stimulation or the emotional 
state of the animal. 
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TABLE IV. 


Effect on the Blood Sugar of Long Continued Exposure to Warmth. 



The average percentage of blood sugar is 0.0S7. 


TABLE V. 

Effect on the Blood Sugar of Long Continued Exposure to Cold. 


Quiet, shivered. 


“ no shivering. 
“ shivered. 

« “ 

Shivered. 

Quiet. 

" no shivering. 
No shivering. 
Quiet, shivered. 


The average percentage of blood sugar according to t ® 
tinuous exposure to cold up to 125 hours is 0.102 per cent. n 

increase in sugar as a result of long continued e.xposure fforo 

per cent, above the average obtained at room temperatures \ 

23-33°C., as shown in Table IV. 


Date. 

Speci- 

Sugar. 

Temperature. 

Dura- 
tion of 

Source, 
old or 



tnon. 


Room. 

Rectal. 

expo- 

sure. 

nevr' in- 
cision. 

1916 


pcT cent 

”C. 

°c. 

hrs. 


Feb. 

2G 

65 

0.095 

5.4 

38.50 

17 

Old. 

H 

26 

67 

0.104 

4.1 

38.55 

21 


Mar. 

1 

6S 

0.107 

7.0 

39.00 

48 

New. 

t< 

1 

69 

0.106 

7.0 

38.88 

50 

Old. 

U 

2 

70 

0.105 

2.2 

38.61 

68 

ll 

it 

2 

71 

0.110 

5.0 

38.66 

71 

(t 

il 

3 

72 

0.097 

7.0 

38.66 

100 

New. 

K 

3 

73 

0.102 

1.0 

38.61 

102 

Old. 

« 

3 

74 

0 101 

7.2 

38.66 

106 

(( 

if 

3 

75 

0.109 

4.0 

38.88 

108 

(( 

(( 

4 

76 

0.097 

0.2 

38.55 

125 

tt 
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^Yeiland‘' found that muscular exercise, which does not pro- 
duce a rise in body temperature and is not accompanied by respi- 
ratory distress, produces a fall in blood sugar, while Lusk*’ has 
succeeded in freeing the tissues of normal healthy men of their 
glj'cogen by immersion in cold baths that caused the individual 
to shiver. The question might be raised as to whether the increase 
in the percentage of sugar in the blood is due to cold alone or to 
shivering incidentallj' produced. The work of Weiland on the 
effect of muscular activity on blood sugar would lead one to 
expect the opposite effect ; nanielj', a -fall in blood sugar during 
shivering. Table V shows that the blood sugar was no higher 
when the dog was exposed to cold and shivered, than it was when 
she did not shiver, and in some cases it was even lower. Thus 
in Experiments 65 and 76, when the dog did shiver, the blood 
sugar was lower than the average for cold, while in .Experiment 
69, when the animal did not shiver, it was not lower than in the 
preceding or subsequent experiments when the dog did shiver. 
Specimen 72 is comparative!}' low, although the dog shivered, 
while Specimens 73 and 74 are much higher than the average 
at high temperatures, although the animal did not shiver in 
either case. 

In the subsequent experiment .the dog was exposed to a room 
temperature of 17'’C. for 5 hours, at the end of which period, 
that is, at 3.45 p.m., a specimen of blood was drawn, and the 
blood sugar content found to be 0.085 per cent. The animal 
was quiet and not shivering. The room was then cooled to a 
temperature of about 12°C. The atmosphere was chilly and 
penetrating. The dog was exposed to this environment over 
night, and the next morning at 9.30 another sample of blood 
was collected. At this time the dog shivered. Duplicate 
analyses of this sample gave 0.084 and 0.086 per cent. The con- 
clusion seems justified that shivering does not increase the per- 
centage of glucose in normal dog’s blood, but may decrease it. 

Weiland, W., Deutsch. Arch. klin. Med., 1908, xcii, 223. 

” Lusk, G., Am. J. Physiol., 1910-11, xxvii, 427; 1908, xxii, 163. 
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CONCLUSIONS. 

In the absence of adequate sensoiy and psychic stimulation 
the percentage of sugar in the blood of a normal dog did not 
vary when the animal was exposed to changes in external temper- 
ature for brief periods. A definite hyperglycemia followed the 
exposure of this animal to a low external temperature for a 
period of 24 hours or longer. 



THE NATURE OF THE ACn)-SOLUBLE PHOSPHORUS 

OF SERUM. 

Bv ISIDOR GREEN\V.VLD. 

(From (he Harriman Research Laboratory, Roosevelt Hospital, New York.) 

(Received for publication, May 22, 19IC.) 

In previous communications* the author has shown that phos- 
phorus exists in the serum of dogs and of men in two classes of 
compounds: (1) phospholipins; (2) a form which is insoluble in 
the usual organic solvents but is soluble in a mixture of dilute 
acetic, or h 3 ’'drochloric, and picric acids. The opinion was ad- 
vanced that the latter was inorganic phosphate or a form closely- 
related thereto. The question has been further investigated and 
the results obtained are presented in this paper. 

In order to avoid the use of excessivelj' large volumes, the 
serum was mixed with five volumes (instead of ten, as in previous 
work) of a 1 per cent solution of acetic acid saturated with picric 
acid. After standing 30 minutes, this was filtered and aliquots 
were taken for the following determinations. 

A. Two portions of 500 cc. each were concentrated in a Kjel- 
dahl flask, oxidized with sulfuric and nitric acids, and the phos- 
phorus was precipitated as ammonium phosphomo^^bdate. This 
was filtered out, dissolved in ammonium hydroxide, the solution 
neutralized with citric acid, and the phosphate reprecipitated 
as ammonium magnesium phosphate. 

B. Two portions of 500 cc. each were diluted with 300 cc. of 
water (to prevent subsequent precipitation of large amounts of 
ammonium picrate^), magnesia mixture and ammonium hydroxide 
were added, and the mixture was allowed to stand over night. 
The precipitate was then filtered out and washed with dilute 

* Greenwald, I., J. Biol. Chem., 1913, xiv, 309; 1915, .\-.xi, 29; Am. J. Med. 
Sc., 1914, c.xlvii, 225. 

* Ammonium picrate, though readily soluble in -water, is quite insoluble 
in solutions of ammonium salts. 
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ammonium hydroxide, dissolved in cold citric acid, and repre- 
cipitated the addition of magnesia mixture and ammoniun) 
hj'droxide. 

C. Two portions of 500 cc. each were diluted mth 300 cc. of 
water (to prevent subsequent precipitation of picric acid) and 
125 cc. of molybdate solution^ were added. A yellow precipitate 
appeared in a few seconds and settled slowly.^ After standing 
at room temperature over night, it was filtered out, dissolved in 
dilute ammonium hydroxide, the solution neutralized with citric 


acid, and the phosphate repreeipitated with magnesia mixture. 

Marriott^ has reported a method for the determination of 
inorganic phosphate in small amounts of serum. He found from 
1 to 3 mg., calculated as phosphorus, per 100 cc. of normal adult's 
serum. The inorganic phosphate was precipitated from the di- 
luted serum b 3 ’^ means of magnesia mixture. A similar technique 
was used in this work. Two portions of 100 cc. each of the serum 
were diluted with 200 cc. of water and treated with magnesia 
mixture and ammonium h^’^droxide. After standing over night 
the precipitate was filtered out, washed, dissolved in cold citric 


acid solution, and the phosphorus repreeipitated ^vith magnesia 
mixture and ammonium hy^droxide. The first precipitate could 
not be used directlj' as it contained considerable foreign materia . 

The precipitates obtained bj*^ anj*- of these procedures uerc 
filtered on Gooch crucibles, washed with dilute ammonium hy 
droxide, dried in a water-jacketed oven, weighed, dried at lOo 
(Freas oven), weighed, and finallj’’ ignited and weighed. )- 
was done to establish the constitution of the precipitate as am^ 
monium magnesium phosphate and also to obtain data on 
advisability of the routine weighing of the pyecipitate ivd ioik 


® This was prepared by dissolving 100 gm. of inolybdic acid 
in a mixture of 155 cc. of concentrated NHiOH and 300 cc. o t 
adding this to a mixture of 530 cc. of concentrated HNOj an 


o 

* The precipitate obtained by adding molybdate ^!rom 

phate solution containing picric acid appears to be quite a e 
the usual ammonium phosphomolybdate. It was not ana >ze , 
striking difference is the ease with which it dissolves in alcoho . 


to contain picric acid. 

^ Kpwland, J., Hacssler, F. H., 
1916, i^iv, p. xviii; also personal 


and Marriott, IV. McK., J. BioL Cl-cr- 

communication to the aut iot 
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ignition/' The results indicate that, after drjdng at 95-100°, 
the precipitate has the composition MgNHjPO^.IH^O and that 
the remainder of the water is driven off when the precipitate is 
dried at 105°. These assumptions wore made in calculating the 
figures given in the tables. 

Because of the small amount of material available, the total 
“acid-soluble” phosphorus in some of the specimens was deter- 
mined by the colorimetric method described by the author.^ In 
one case the inorganic phosphate was determined bj-^ titration of 
the reprecipitated ammonium phosphomol 5 'bdate. 

The results obtained are summarized in Table I and clearly 
indicate that practically all the phosphorus extracted from serum 

TABLE I. 


Scrum Phosphorus, as Determined by Different hicthods, in Mg. per 100 Cc. 

of Scrum. 


Serum from 

Total acid-solublo 
phosphorus 

Phosphorus pre- 
cipitated by 

Mg mixture in acid 
extract. 

Phosphorus pre- 
cipitated by 
molybdate solution i 

i 

Phosphorus pre- 
cipitated by 

Mg mLxture m 
serum. 

lOO*. 

105^ 

Ig- 

nited 

100*. 

105”. 

Te-, 

nited 

100*. 

105“. 

Is-, 

nitcd 

100*. 

105* 

Ig. 

Dited. 

Sheep 


11 13 

10.91 


10 53 

10 48 




10 37 

9 89 

9 84 

U 

refill 

11 57 

12 04 

11.40 

m»aa 



1 

1 



11.88 


8 58 


8 60 


8 13 

8 04 

7 66 


7 43 

7 56 


7 58 

Beef 


0 79 

7 04 




Mill 

7 25 

6 97 

6 31 

6 34 

6 35 

Pig 

9.70 

9.53 

9 55 



liWiSl 

9 58 

9 35 

9 38 


Elan 

9 02 

Dog 


5 51* 



5 62 

5 58 




















M. B. ... 


4 74* 








4 31 

4 17 

4 18 

I. G.... 


2 61* 






2 94t 





Chest 













fluids 



4 74 








3 56 

3 48 



3 83 

3 64 





2 92 

mwtu 


3 28 

3 18 

Abdominal 













fluid. . . 


2 59 

2.25 





2 08 

2 28 


2 45 

2.29 


* Determined colorimetrically. 

t Determined by titration of the reprecipitated phosphomolybdate. 


' The paper by Jones (ff. Biol. Chem., 1916, xxv, 87), in which the results 
obtained by weighing the air-dried precipitate, jMgNH 4 P 04 6 H 2 O, are de- 
scribed, appeared after this work had been completed and the results 
prepared for publication. 

’’ Greenwald, J. Biol. Chem., 1915, xxi, 29. 
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by dilute acid was in the form of inorganic phosphate or else an 
extremely labile organic compound. If the latter, it was so un- 
stable that it is extremely difficult to obtain e\ddence of its 
existence. 

There was, however, a slight difference between the amount of 
total acid-soluble phosphorus and that precipitated h}-- magnesia 
mixture or b3^ moljffidate solution. The following e.xperiments 
were performed to ascertain whether or not this difference might 
be due to the presence of substances that interfered with the pre- 
cipitation of inorganic phosphate. 

A measured volume of seriun was dialj’^zed for 4 or 5 da)'s and 
the volume again measured. It still contained about 0.3 mg. of 
acid-soluble phosphorus per 100 cc. of serum. The equivalent 
of each _ 100 cc. of the original seriun was mixed with a solution 
containing 0.8 gm. NaCI, 50 mg. urea, 0.1 gm. glucose, 10 mg. 
creatine, and 7.85 mg. phosphorus (as KsHPOd. This liquid 
was then treated in the manner alreadj' described. From the 
results summarized in Table II it is evident that the discrepancies 
obtained in the first series of experiments cannot be explained on 
the basis of interference with precipitation b}* substances in this 
semi-artificial serum. It is, of comse, possible that serum con- 
tains some other substance which interferes with the quantita- 
cive precipitation of inorganic phosphate. This is not likely and 
it would seem that phosphorus maj’’ occur in a form other than 
inorganic phosphate and phosphohpins. However, the amount 
of such phosphorus is verj^ small and does not exceed 1 mg. pfii" 
100 cc. of serum. 


TABLE II. 


Recovery of Phosphate Added to Dialyzed Serum, in Mg. per 100 Cc. of Scruo 


Serum from 

Acid-soluble 
phosphorus in dia- 
lyzed serum. 

Phosphate added as 
phosphorus. - 

' 

Phosphorus pre- 
cipitated by^ 
molybdate solution, j 

Phos; 

predi 

byM, 
ture in 

Dhorus 

litated 

gmir- 

senin. 


100®. 

105®. 

1^-, 

nited. 

100". 

105*. 

Is-, 

nited. 

105’. 

nited. 


0.30* 

7.84 

7.75 

7.85 





7.S7 

7.62 

Sheep 

0.28* 

7.84 

7.75 

7.85 

7.50 

7.50 

7.53 

7.52 


Determined colorimetrically. 
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SUMMARY. 

The phosphorus compounds of serum consist almost exclu- 
sivelj’ of phospholipins and inorganic phosphate. There is some 
indication of the presence of a form which is soluble in dilute 
acids but is not precipitated by magnesia mixture or by molyb- 
date solution, and which does not dialyze readily from serum. 






THE CHEMICAL NATURE OF THE “VITAMINES.” 

I. ANTINEURITIC PROPERTIES OF THE HYDROXYPYRIDINES.* 
By ROBERT R. WILLEUIS. 

-(From Ihc United Slates Department of Agriculture, Bureau of Chemistry, 

Washington.) 

(Received for publication, May 8, 1916.) 

The difficulties involved in the isolation of “vitamines” from 
j'east or rice polishings have proven so serious that success 
seemed doubtful until a clearer idea should be gained of the 
chemical nature of these important substances. Accordingly 
attention has been directed to the preparation and testing of 
sjmthetic substances, which appeared likely to display some 
curative properties similar to the “\dtamine fraction” of natural 
foodstuffs. 

Two facts were considered of pi’imary importance in deter- 
mining the direction of the work. The first of these was that the 
curative substance seemed to be a pyridine derivative since the 
curative fraction of rice pohshings contains nicotinic acid,' and 
has been found to develop a pyridine-like odor under certain 
conditions. A second hint was found in the fact that the blue 
color reaction given by antineuritic foodstuffs when treated with 
phosphotungstic acid and alkali seems to be rather closely asso- 
ciated with the potent constituents.- Since this reaction and the 
similar reaction with phosphomolybdic acid® are known to be 

* A considerable portion of the work here recorded was reported in a 
paper presented at the Second Pan-American Scientific Congress at Wash- 
ington, D. C., Jan. 3, 1916, the Proceedings of which have not yet been 
published. 

' Suzuki, U., Shimamura, T.,and Odake, S., Biochem. Z., 1912, xliii, 89. 
Drummond, J. C., and Funk, C., Biochem. J., 1914, viii, 598, and elsewhere. 

2 Drummond and Funk, Biochem. J., 1914, viii, 598. Folin, O., and 
Macallum, A. B., Jr., J. Biol. Chem., 1912, xi, 265; 1912-13, xiii. 363. 

^ Folin, O., and Denis, W., J. Biol. Chem., 1912, xii, 239. Funk, C., 
and Macallum, A. B., Jr., Biochem. J., 1913, vii, 356. 

437 



438 


Chemical Nature of Vitamines. I 


produced by substances containing hydroxyl groups in the ben- 
zene ring, it was not surprising to find that hydroxyl derivatives 
of pju'idine also give one or both reactions according to the 
number of the substituted hydroxyl groups. 

Accordingly a series of pyridine derivatives was prepared and 
the therapeutic action of each individual roughly tested on poh- 
neuritic pigeons by the administration of doses of 1 to 10 
mg. b3'^ intramuscular injection. In some cases doses of 10 to 
100 mg. were administered by mouth as a supplementary test. 
The series included nicotinic, cinchomeric, quinolinic, 6-hydroxj’- 
nicotinic and citrazinic acids, a-hydroxj’^P3uidine, glutazine, 2,4,6- 
trihydroxypyridine and its anhydride, and finally 2,3,4-trih)'- 
droxj^pyridine and the so called tetrahydroxypyridine. 

Nicotinic, cinchomeric, and quinolinic acids, were prepared by 
the oxidation of nicotine, quinine, and quinoline respectively;* 
and citrazinic acid from citric acid.^ The methods of Pechmann 
and Stokes® were followed for the preparation of ethjdamino-^- 
hydroxyglutamate, glutazine, 2,4,6-trihydrox3'pyridine and its 
anhydride. Tetrahydrox5^pyridine and 2,3,4-trihydroxypyridine 
were produced by the method of Osf* from the nitroso derivative. 
In the distillation of meconic acid for this purpose the modifica- 
tion of Peratoner and Leone® was used. Better methods than 
those of Ost are offered by Peratoner and Castellana® for the pro- 
duction of hydroxycomenic acid from which b}^ suitable modifica- 
tion of Ost’s second method, fair yields of 2,3,4-trihydroxyp}Tidinc 
may be obtained. These methods are being studied as are those 
of Collie,*® Tickle and Collie,” Lapworth and Collie,*® and Bar on, 

* Weidel, J., Ann. Chem., 1873, clxv, 330. Weidel, H., and v. Schmidt, 

M., Ber. chem. Ges., 1879, xii, 1146. HoogewerfT, S., and Van Dorp, • > 
Rec. irav. chim. Pays-Bas, 1882, i, 107. „go- 

^ Behrmann, A., and Hofmann, A. W., Ber. chem. Ges., 1884, xvn, 

* v. Pechmann, H., and Stokes, H. N., Ber. chem. Ges., 1885, xvm, 
Stokes, H. N., and v. Pechmann, H., ibid., 1886, xix, 2694. 

* Ost, H., /. prakl. Chem., 1879, xix, 203; 1883, xxvii, 257. .. 

* Peratoner, A., and Leone, R., Gazz. chim. Hal., 1894, xxiv, P ' . 

® Peiiatoner, A., and Castellana, V., Gazz. chim. Hal., 1 

i, 21. \ 

ColliV J. N., J. Chem. Soc., 1891, li.x, 617. . 

n TicklAT., and Collie, J. N., J. Chem. Soc., 1902, Ixxxi, 1U(H- 

u I „r,„-nXr, A., and Collie, J. N., J. Chem. Soc., lS9o IxM, • 
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Remfry, and Thorpe.'^ Coiunalic acid was used for making 
h}'droxyiiicotinic acid,'^ b}* the distillation of which a-hj-droxy- 
pj’ridine is readily obtained.*^ 

The test animals used were pigeons, in which poljmeuritis was 
developed by feeding ad lihiium on white rice. In all cases the 
disease ran its course till the animals were unable to stand 
or make controlled movements of the legs or wings. In such 
cases death usualh' follows within 24 hours and maj’’ occur 
at an 3 " moment. A number of times birds died in the e.xperi- 
menter’s hands before treatment could be administered. During 
and after treatment the birds were continued on a diet of white 
rice, and under such conditions a redevelopjuent of the s}Tnptoms 
can be onlj' a matter of a few daj'S. Since forced feeding was 
not resorted to on account of the time necessaiy to care for a 
large number of birds in this way, it was occasional!}^ the case 
that the pigeons Ijecame weak and emaciated before the charac- 
teristic sjTnptoms developed to the desired point. Such cases 
are not of course strictly comparable with those of sudden develop- 
ment in which the auhnals retain a great deal of their original 
strength and vigor, though losing muscular control, and a measure 
of uncertainty is thereby introduced in occasional cases. 

On treating polyneuritic pigeons with the substances above 
mentioned definite evidence of curative power was noted in the 
case of a-hydroxy-, 2,4,6-trihydroxy-, and 2,3,4-trihydroxypyi’i- 
dine. The remainder of the series showed no effect. But as 
will be seen later, such negative evidence in the case of any 
hydroxyp}T.’idme derivative cannot be regarded as conclusive. 
The first of the curative substances tested was a-hydroxyp}widine. 
Three birds were treated with excellent results. However, three 
others treated later showed little or no improvement. On pro- 
ceeding with the series to the polyhydroxy compounds, a rapid 
striking cure was obtained with a preparation of 2,4,6-trihydroxy- 
pyridine, followed by several partial or complete failures. A 
second and third fresh preparation, however, produced two and 
three fairly rapid cures respectively. A single fresh preparation 

’’ Baron, H., Remfry, F. G. P., and Thorpe, J. F., J. Chem. Soc., 1904, 
Ixxxv, 1726. 

“ V. Pechmann, H., and Welsh, W., Ber. chem. Ges., 1884, xvii, 2384. 

V. Pechmann, H., and Baltzer, O., Ber. chem. Ges., 1891, xxiv, 3144. 
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of 2,3,4-trihydroxypyi-icline was administered to three pigeons 
simultaneously at the close of the worldng dai-^, one pigeon re- 
ceiving 2, the second 1, and the third 0.5 mg. The following 
morning the first bird was dead, while the second and third had 
completely recovered from all paralytic symp toms. Subsequently 
the same material failed to benefit several birds to which it was 
administered. 

In each case all the cures obtained were of those pigeons whicli 
were first treated with a given preparation, while those treated 
with the same preparation a few days or weeks later invariably 
received no benefit. It was obvious that the substances had 
changed in some manner so as to lose the curative power. As 
there was no evidence of decomposition, it seemed probable that 
it was due to isomerisation. Such rearrangements have greatly 
interested organic chemists for many years, but no definite evi- 
dence has been adduced that such transformations take place in 
the tissues as a fundamental part of a biological process, though 
they appear to be just such reactions as might easily occur within 
the living organism. Many of them take place with the greatest 
ease and without resort to the vigorous methods ordinarily em- 


ployed in our laboratories. 

The existence of a tautomerism in the hydroxypyridines has 
long been recognized in a general way. It has been obsen^e^ 
that these substances under certain circumstances react as hyclrox) 


or enol compounds, under others as ketones. However, no one 
has regarded it possible that two isomers could exist in a re 
isolated state as two distinct individuals. Each of the hydro.v^^ 
pyridines is described in the literature as one substance of de ni e 
though dual properties. A critical examination of the literature^ 
however, suggested that this was not the case. It was there or 
decided to study the isomerism of some one of the curative su ^ 
stances more thoroughly than had been done previously- 
this purpose a-hydroxypjwidine was chosen. This sub^ance • 
been administered to about eighty pigeons under varying con 
tiOns and certain important facts have come to lishf- 

It is prepared by fusing 6-hydroxynicotinic acid an i 

tharesidue after the evolution of carbon dioxide has jjjjjr 

oilA distillate presently^s'olidifies to a mass made ° 
granular or needle cr-ystals, or both, depending apparen y 


I 
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rate of cooling and the presence or absence of the merest traces 
of moisture. The residue condensing in the neck of the dis- 
tilling flask after completion of the process always ciystallizes 
in the form of needles, A crj’stalline granular mass so obtained 
on being melted and kept at a temperatui-e well above the melting 
point for some time and allowed to cool slowlj", again solidifies 
to a mass, now consisting largely of needles. If this remelted 
mass is dissolved in benzene and recr 3 'sta]lizcd therefrom bj’’ the 
addition of ligroin, needles are found to predominate in the 
beautiful crj^stalline precipitate. Sometimes the needles may be 
obtained absolutely' free from granules. From the mother liquor 
on concentration, granular cry'stals separate and maj' be obtained 
in a pure form by filtering from the hot solvent, as the small 
residuum of needles dissolves freelj' in the hot mi.xture of ligroin 
and benzene. Both forms after washing freeh' with petroleum 
ether and diying rapidlj' in a vacuum desiccator, melt sharply 
at 106-107°. A fused mixture does not melt sharply' and the 
melting point varies with the speed with which the temperature 
is raised. Evidently' granular crystals are converted partially 
into needles by dry heat. On allowing the solid needle form 
to stand for a few day's in an open vessel or cork-stoppered 
bottle, it will be found that the crystal form has undergone a 
change. The needles which were originally clear and sharply 
defined are marked by' transverse lines of cleavage. In the 
course of 10 to 20 days they become roughly needle-shaped 
granular aggregates. The rate of this change is variable but 
seems to depend greatly' on the amount of moisture in the 
atmosphere surrounding the cry'stals. By exclusion of moisture 
the transition takes place much more slowly'. A water solution 
of needles on evaporation deposits only granules which, however, 
may be partially reconverted into needles by dry heat. 

If the two forms of crystals are titrated in the cold with alco- 
holic bromine according to the method of Kurt Meyer neither 
absorbs appreciable amounts of bromine instantaneously. The 
granular form absorbs bromine gradually and the needle form still 
more slowly. Neither form can therefore be the hydroxy or 
enol form. However, on dissolving either form in an excess of 


'"Meyer, K. H., Ann. Client., 1911, ccclxxx, 212. 
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alcoholic soditim hydroxide of known strength, and titrating in 
the cold with bromine, instantaneous absorption occurs in excess 
of that required by the caustic soda. In the presence of from five 
to ten molecular equivalents of sodium hydroxide, from 50 to 
60 per cent of the theoretical quantity of bromine is absorbed with 
great rapidity. a-Hydroxypyridine in alcoholic sodium hydroxide 
solution is unquestionably largely, though not' wholly, in the 
enol form. Presumably all the metallic salts are likewise enols, 
a presumption which is in accord wdth the Imown facts in regard 
to other enol-keto tautomers. If the cold alcoholic solution of 
the sodium salt is just neutralized •with cold alcoholic hydro- 
chloric acid detectable amounts of the free enol form are momen- 
tarily present as determined by bromine titration. The e.xistencc 
of any considerable proportions of the enol form in the free state 
appears to be brief in all neutral solvents and no method 1ms 
been found for its isolation. Since a-hydroxypjTidine is a base 
as well as an acid, it forms well defined salts with strong acids. 
'Whether these salts are partly salts of the enol form cannot he 
determined by titrimetric 'methods, since the presence of tlm 
acid makes the determination of an end-point impossible. If 
these salts are not partly enols they are at least transformed into 


enols wdth the greatest rapidity during titration. 

It appears that there exist not two but three isomeric forms 
of a-hydroxypyridine for which we may readily imagine shuc^ 
tural foranulas'^ expressing intramolecular rearrangement. n® 
matter -will be taken up in a later paper. By simple means ^e 
may cause any desired form to predominate and may pass throug 
the cycle repeatedly. Each exists in equilibrium with at eas^ 
one other in relative quantities depending on condition^ 
shall understand their relationships fully only after fin mg ‘‘ 
method for determining each of the three forms duontitatiu^} 
under varying conditions. At present we can measure on } 
amount of enol. ,. 

To a degree it has been possible to determine the 
po'wer of each of the three forms. Several preparations o 
crystalUzed needles dissolved in water immediately be ore 
tion have been administered to fourteen polj’ireuritic pigeo 


” Kauffmann, H., Ber. chem. Ges., 1903, xxxvi, 1062. 
wA-L Chem.. 1900, Ixii, 266. 


Decker, H., -t- 



R. R. Williams 


443 


doses of 1 to 2 mg. Improvement or eure resulted in every 
case as evidenced bj"- change in weight, paralytic symptoms, and 
appetite. Eight of the birds reached an optimum from 1 to 3 
days after treatment and after a single dose of 1 to 2 mg. lived 
from 5 to 10 days. Three birds were partiallj' cured a second 
and third time after redevelopment of severe symptoms and lived 
11, 13, and 15 days respective!}' after the first onset of the disease. 
However, six cures differed markedly from the others obtained 
with a-h 3 'drox}’pjTidine. The first evidences of improvement 
were noticed in these cases in 40 minutes to 2 hours after injec- 
tion, when the animals began to assume nearly normal attitudes. 
At intervals brief spasms of spastic movement occurred, which 
gradually became less frequent and less prolonged and in the 
course of 3 to 12 hours ceased altogether. After this time the 
birds did not differ markedly in condition from those in which 
less rapid cures were obtained. The gain in weight and other 
evidences of improvemeno were of the same character. The rapid 
cures obtained with 2,4,G-trihydrox3'P3'ridine above reported were 
attended b}' the same s 3 Tnptoms. In general it ma}' be said that 
the results obtained with these substances appro.ximate ver}' 
closely those obtained with hydrol 3 'zed extract of rice polishings, 
in both rapidity and completeness of action on the paralytic 
S 3 Tnptoms. The ultimate effects on the general health and weight 
of the birds were less satisfactory than those of the natural 
“vitamines.” Protective experiments on healthy birds on a white 
rice diet have not yet been made. Water solutions of the needle 
form kept at ordinary temperatures retain some curative power 
for 5 or 6 days, after wliich it is no longer detectable. At boiling 
temperature the curative power disappears very rapidly. 

The physiological effect of the enol form can only be guessed, 
as long as it remains impossible to obtain it free from the other 
forms and from extraneous substances. Injections of 1 mg. in 
caustic soda solution produced fairly rapid cures in two birds so 
treated. Administration by mouth of 10 mg. in caustic soda 
followed b}' dilute acetic acid also effected fairl}' rapid cures. 
The silver salt was also administered to three pigeons in doses of 
20 mg. each followed by salt solution as an antidote for the silver. 
Two had recovered from the paral 3 'sis the following day and lived 
3 and 7 da 3 's respective!}'. One died 5 hours after treatment. 
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No very satisfactory conclusion can be drawn from these experi- 
ments on account of the disturbing factor of the toxicity of 
caustic soda and silver. The former produced severe inflamma- 
tion of the tissues with which it came in contact and the latter 
evidenced a general toxic action^ as was to be expected. Never- 
theless there was indubitable relief of the typical paralydic S3'mp- 
toms. This fact that solutions of a-hydroxj'pjnidine in caustic 
soda are curative led to much confusion, as it suggested that the 
curative form was. the enol. However, since hydroxj'pjTidine 
under such conditions is only partly enol, as indicated by bromine 
titration, the curative property of caustic soda solution may be 
due to the non-enolic portion. 

The granular form as obtained by prolonged standing of tb^ 
needle form has been tested on some thirty birds und'er varying 
conditions. Doses of from 0.5 to 100 mg. have been tried bj’ in- 
jection and by mouth. Injections in water have been made rni- 
mediately after solution, after standing several days, after boiling, 
and after heating under steam pressure. Injections in mineral or 
and in fatty acid have also been tried. In no case wastherotre 
slightest evidence of any benefit. When large doses were a - 
ministered, the action seemed distinctly adverse in several cases, 
as the birds died sooner than was expected. Doses of 10 mg. 
injected into healthy^ birds, however, produced no gross toxic 
symptoms. 

This absolute lack of curative properties is striking an sug^ 
gestive. If the isomeric forms exist in equilibrium and t ere i- 
fairfy rapid transformation in any direction, one would supp®-^ 
that the gi'anular form would, when injected into the body, 
convert itself into the curative form as the latter was 
from solution by absorption in the tissues or fluids 
That such is not the case suggests strongty that the pat lo op ^ 
conditions of polyneuritis are not due to a deficiency o 
stance per se, but to a lack of a certain type of 
which onlj’- certain substances can supply'. Iii other nor ^ 
is led to surmise that it is the potentiality of 
that produces the desired result. In this connection i rs 
esting to note that manj'^ purine and pyrhnidine deriya ivc~, 
of which Funk has reported to be partially' curative 
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neuritis,'® are also tlicorclicall}’- capaiile of a similar isomerism. 
That these substances are to a greater or less degree enol-keto 
tautomers is strongly indicated, by well known reactions of uric 
acid for example. The existence of a third isomer is not excluded 
by theoretical considerations, but lacks the support of any con- 
siderable experimental evidence. 

It appeared not tinlikely that other hydroxypyridines might 
prove more easilj" controlled. Accordingly /3- and T-hydroxj’^py- 
ridine and y-lutidone have been pi-epared and arc being studied. 
They show curative properties onlj'^ under certain conditions, and 
these curative properties automatically disappear with the lapse 
of time. Each ciystallizes in two differciii forms and forms 
metallic salts which absorb bromine rapidl 3 '^ in cold alcohol. 
Present evidence indicates that thej' are strict analogues of a- 
li}"dro.xj'’pjTidine. 

The antineuritic properties of these substances suggest that 
an isomerism is at least partialb’’ responsible for the instability 
of the“vitamines” in foodstuffs, and that the antineuritic property 
may be inherent in the potentiality of this type of isomerism. 
We may not conclude that “vitamines” are necessarilj’' hj'droxy- 
pjwidines since a similar isomerism may exdst in substances con- 
taining other heterocyclic nitrogenous nuclei which are known 
to occur widelj’' as constituents of animal tissue. 

'* Funk, C., J. Physiol., 1912-13, xlv, 489. 




STUDIES IN CARBOHYDRATE METABOLISM. 

XI. THE r6lE of calcium IN THE REGULATION OF BLOOD 
SUGAR CONTENT. 

By frank P. UNDERHILL. 

(From the Shejdcld Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(Received for publication, May 17, 1916:) 

A perusal of the literature gives one the impression that calcium 
salts may play a more or less important role in the regulation of 
carbohj'drate metabolism even though their possible function is 
recognized only in a vague, indefinite manner. On the one hand, 
Bunge' has put forth a warning against a sugar-rich diet deficient 
in salts, especially iron and calcium, the inference being that such 
a deficiency may have an influence on the production of diabetes. 
This is especially pertinent in view of the fact that diabetes is 
said- to be associated with an increased output of calcium. Again, 
it is well knorni that the glycosuria evoked by long continued 
injection of sodium chloride into the blood may be checked 
promptly by the intravenous administration of dilute solutions 
of calcium chloride.^ On the other hand, the introduction into 
the blood of strong' solutions of calcium chloride is sufficient to 
induce the appearance of sugar in the urine. 

Schrank^ has claimed that calcium salts will either prevent or 
inhibit the glycosuria called forth by epinephrin. 

Calcium salts have also been associated closely with the func- 
tion of the th3Toid-parathyToid mechanism, MacCallum and 

' V. Bunge, G., Z. Biol., 1901, xli, 155. 

° Compare Allen, F. M., Studies concerning Glycosuria and Diabetes, 
Boston, 1913. 

^ For literature see Underhill, F. P., and Closson, 0. E., Am. J . Physiol., 
1905-06, XV, 321. 

' Underhill, F. P., and Kleiner, I. S., J. Biol. Chem., 1908, iv. .39.'i. 

' Schrank, F., Z. klin. Med., 1909, Ixvii, 230. 
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Voegtlin'- ha\dng demonstrated a loss of calcium to the bod}' after 
extirpation of this apparatus together with cessation of tetany 
S3'mptoms subsequent to calcium injections. Underhill and 
Blatherwick^ showed that during the tetanj' attendant upon 
thjTeoparathjToidectomy the blood sugar content is markedly 
diminished, and in a later paper® evidence was presented, con- 
firming the results of MacCallum and Voegtlin, that calcium 
checks tetanj', and furthermore, demonstrating that the blood 
sugar content likewise may be restored to normal temporarily 
bj' calcium administration. It was stated: 

“It is apparent from these results that in tetany calcium plays an 
important role in maintaining the equilibrium of the sugar-rcguIating 
mechanism, for when there is a sufficiency of calcium blood sugar content is 
normal. Conversely, blood sugar content tends to become low when there 
is an apparent deficiency of calcium.”’ 

The data of the present communication were obtained in an 
endeavor to determine the influence which calcium salts maj 
exert upon the blood sugar content, first, under normal condi- 
tions, and, second, under circumstances in which the equilibnura 
of the blood sugar-regulating mechanism had been disturbe 
experimentally'. For the latter purpose epinephrin was employe . 

Methods. 

Normal full grown rabbits maintained under practically’ uniform contli 
tions served as experimental animals. Only a single experiment .is 
formed upon each animal. This condition was enforced because o ' 
well known fact that epinephrin may fail to elicit the maximum c 
subsequent to the initial injection. The epinephrin employed ^'as 
adrenalin of Parke, Davis and Company, 1 : 1,000. Maximum doses, 

(1 mg.) per kilo of body weight, were administered. Blood sugar wa., c 
mated by^ the Forschbach and Severin'’ method, which has 
yield results in good agreement with the procedure of I' nthod. 

Sugar in the urine was determined gravimetrically by the All u m 


‘ xAIacCallum, W. G., and Voegtlin, C., J. Exp. Med., 1909, -vi, IS. 

^ Underhill, F. P., and Blathenvick, N. R., J- 

’ Underhill and Blatherwick, J. Biol. Chetn., 1914, xix, 119- 
’ Underhill and Blathenvick, J. Biol. Chetn., 1914, . .jjj 341 . 

Forschbach and Severin, Arch. exp. Path. u. Pharm., • -> 

",Keid, E. W., J. Physiol., 1896, xx, 316. 
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The Influence of Sxthcntancous Injeclions of Calcium Lactate and 
Calcium Chloride xipon Blood Sxigar Content. 

From the data in Table I it ma^' be seen tliat the subcutaneous 
administration of small or large doses of calcium salts (lactate 
and chloride) is 'without significant influence upon the blood 
sugar content under the experimental conditions recorded. 


TABLE I. 


The Sugar Content of the Blood after Subcutaneous Injections of Calcium 
Lactate and Calcium f'hloridc. 


Rabbit. 

Body 

\\eicht. 

Blood sugar content (in percentages) 

Nor- 

mal. 

Hours after calcium injection 

1 

2 

3 

4 

5 

G 


am. 









22 


0 16 

0 17 

0 17 

0 13 

0 11 

0 15 

0 16 


23 

m 

0 12 

0 15 

0 17 

0 16 

0 10 

0 15 

0 15 


26 

H 

0 12 

0 10 

0 12 

0 13 

0 15 

0 12 



27 


0 11 

0 12 

0 15 

0 12 

0 12 

0 12 

■ 


76 


0 14 

0 15 

0 14 

0 17 

0 12 

0 12 

0 11 


77 


0 15 

0 14 

0 11 

0 14 

0 11 

0 11 

0 13 


Average . . . 


0 13 

0 14 

0 14 

0 14 

0 12 

0 13 

0 14 



Remarks. 


Injection of 10 cc. 3 
per cent calcium 
lactate. 

Injection of 20 cc, 3 
per cent calcium 
lactate. 

Injection of 30 cc. 3 
per cent calcium 
lactate. 

Injection of 25 cc. 11 
per cent calcium 
chloride. 

No reducing sub- 
stance in any urine. 



/ 2 3 'f 5 6 /tours 


Chart 1. Curve showing the sugar content of the blood after injec- 
tions of calcium lactate and calcium chloride. Average of four experi- 
ments (Table I). 
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The Sugar Content of the Blood and Urine under the Influence oj 

Epinephrin. 


It is a well kno-mi fact that the same dose of epinephrin may 
not produce the same degree of glj’^cosuria in two different ani- 
mals or in the same animal at different periods. Therefore it 
is decidedly difficult to establish a standard which may be ac- 
cepted as an average amount of sugar appearing in the urine 
under the stimulus of a given dose of epinephrin. With these 
limitations in mind four animals were taken at random from 
stock, all were given the same quantity of epinephrin per kilo, 
and the average amount of sugar excreted by the kidne}’s was 
accepted as the standard for epinephrin glycosuria. In like man- 
ner blood sugar estimations carried through at hourly periods were 
averaged for the same four animals. From the figures obtained 
a cuiwe, Chart 2, has been plotted which represents the blood 
sugar changes subsequent to epinephrin treatment. As may be 
seen from Table II, the extent of glycosuria and the degree of 
hjqjerglycemia are distinctly variable, but the average figures 
are rmdoubtedty a fair representation of epinephrin glycosuria 
and hyperglycemia. A glance at the chart will show clearly that 
the hyperglycemia attains its maximum between the 3rd and 5th 
hours, gradually decreasing and approaching normal again at 
about the 8th hour. Approximately 1.5 gm. of sugar represent 
the average output under the influence of 1 mg. of epinephrin 
per kilo of body weight. 
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Chart 2. Curve siiowing the sugar content of the blood after injections 
of epinephrin. Average of four experiments (Table II). 

The Influence of Various Doses of Calcium Salts upon the Hyper- 
glycemia and Glycosuria Provoked by Epinephrin. 

As far as I am aware the only investigation of the influence of 
calcimn salts upon epinephrin glycosuria is that reported by 
Schrank.® He made determinations of the sugar in the urine 
only and claimed that calcium chloride markedly diminishes, or 
may entirely inhibit, epinephrin glycosuria. In his experiments 
the animals were interchanged in some instances; that is, those * 
rabbits receiving epinephrin alone were employed later for experi- 
ments in which both epinephrin and calcium were given, and 
conversely. Relatively small quantities of epinephrin were ad- 
ministered, 0.8 to 1.0 cc. per animal, body weight varying from 
850 to 2,720 gm. 

Throughout this investigation the calcium salts were injected 
subcutaneously at varying periods previous to epinephrin admin- 
istration in order to obtain the maximum influence of the calcimn 
salt which is presumablj’^ rather dififlcult of absorption. The 
influence which calcium exerts upon epinephrin gtycosuria and 
hyperglycemia is to be seen in Table III and Charts 3, 4, 5, 6, 
and 7, given below. In the first series of experhnents. Table III, 
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TABLE in. 

The Inflzience of Various Doses of Calciuvi Sails upon the Hypergly- 
cemia and Glycosuria Provoked by Epinephrin. 


Blood sugar content (in percentages). 





Subcutaneous injection of 10 cc. 1 per cent calcium chloride I hour previous 

to epinephrin. 


S 

9 

10 

Average.. 




0.32 0.37) 
0.33 0.41 


I 


0.29 0.19 0.11 3.0-3 
0.33 0.27 0.22 2.05 
0.43 0.29 0.14 3.23 
0.35 0.25 0.16 2.80 


Subcutaneous injection of 10 cc. 1 per cent calcium lactate B hours previous 

to epinephrin. 



Subcutaneous injection of 10 cc. 3 per cent calcium lactate 3 hours 

to epinephrin. 


pretuous 


20 2,500 0.17 0.47 

0.43 

0.53 

0.36 

0.30 0.19 

21 2,000 0.16 0.44 

0.40 

0.57 

0.37 

0.28 0.18 

Average.. 0.17 0.46 

0.42 

0.55 

0.37 

0.2S 0.19 


Subcutaneous injection of 10 cc. 3 per cent calcium lactate i hours ] 

to epinephrin. 


IS 

2,200 

0.12 

0.33 

0.31 

0.25 

1 0.25 

0.18 

\l9 

1 2,200 

0.15 

0.25 

0.39 

0.40 

0.27 

0.17 

.\vCTage.. 

1 

1 0.14 

0.29 

0.35 

0.33 

i 0.20 

j 0.18 
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Rabbits S, 9, and 10, Chart 3, the effect of a 1.0 per cent solu- 
tion of calciiun chloride given ?, hour previous to epinephrin may 
be observed. The amount of sugar appearing in the urine has 
been markedly increased. Chart 3 shows that calcium chloride 
injected under the cited conditions has left unchanged the general 
character of the epinephrin hyperglj'cemia curve. 

When the same dose of calcium lactate was introduced 2 hours 
premous to epinephrin, glycosuria was even more marked (Table 
III, Rabbits 13 and 14) and the curve of hypergtycemia was 



Chaiit 3. Curve showing the influence of the subcutaneous injection 
of 10 cc. of 1.0 per cent calcium chloride solution upon epinephrin hyper- 
glycemia. Calcium was injected ) hour previous to epinephrin. Average 
of three experiments (Table III, Rabbits 8, 9, and 10). 

radically changed (Chart 4), the maximum being attained sooner; 
that is, between the 1st and 2nd hours instead of between the 3rd 
and 5th hours. Injection of a larger quantity of calcium lactate 
2 hours previous to epinephrin administraLion caused a still 
greater average output of sugar (Table III, Rabbits 15, 16, 24, 
and 25), the general character of the hyperglycemia curve (Chart 
5) remaining comparable to that of Chart 4. Apparently the 
injection of 10 cc. of 3.0 per cent calcium lactate 2 hours previous 
to epinephrin treatment represents the optimum conditions under 
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the limitations of this investigation, for after the subcutaneous 
introduction of 10 cc. of a 3.0 per cent solution of calcium lactate 
3 hours previous to epinephrin injection the hyperglycemia curve 
(Chart 6) shows a tendency to return to that of the standard 
epinephrin curve, the maximmn elevation occurring between the 
3rd and 4th hours. Likewise the average quantity of sugar 
excreted is diminished (Table III, Rabbits 20 and 21). This 



return to the standard epinephrin curve is still further crop » 
sized by an inspection of Chart 7 which shows the 
10 cc. of a 3.0 per cent solution of calcium lactate injec e 
hours previous to epinephrin treatment. The average sugar o 

put is also still further diminished (Table III, Rabbits 

19)1'' h 

T^ese results make it apparent that calcium salts, 
devoid^of any measurable influence upon blood sugar co 




B/ocd Sugar Per Cent a^S. Bhod Sugar Per Cent 
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Shart 5. 


Curve showing the influence of the subcutaneous injection 


10 cc. of 3.0 per cent calcium lactate solution upon epinephrin hyper- 
cemia. Calcium was injected 2 hours previous to epinephrin. Average 
tour experiments (Table III, Rabbits 15, 16, 24, and 25). 



Chart 6. Curve showing the influence of the subcutaneous injection 
of 10 cc. of 3.0 per cent calcium lactate solution upon epinephrin hy'per- 
glycemia. Calcium was injected 3 hours previous to epinephrin. Average 
of two experiments (Table III, Rabbits 20 and 21). 
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when introduced into normal rabbits, ma3' show an appreciable 
effect when administered suitablj' to animals with a subsequently 
disturbed equilibrium of the sugar-regulating mechanism. It 
may therefore be concluded that the subcutaneous injection of 
calcium lactate may distinctlj’ change the character of the curve 
of epinephrin hjqjergb’-cemia and markedly increase the amount 
of sugar appearing in the urine under the stimulus of this glyco- 
suria-producing drug. 



Chart 7. Curve showing the influence of the subcutaneous injcr 
of iC cc- of 3.0 per cent calcium lactate solution upon epinephi^ 
glycemia. Calcium was injected i hours previous to epinephrin. Avcra^ 
of two experiments (Table III, Rabbits 18 and 19j. 

The Influence of Sodium Phosphate arid of Sodium OxoMc upo.i 
Blood Sugar Content and upon Epinephrin Eypergli/ccmio 
and Glycosuria. 

In a recent paper Starkenstein^ has claimed that the 
duction of orthophosphoric, jnetaphosphoric, 
pht-tic (inosite-phosphoric), and citric acids when 
as sodium salts to animals, bj' mouth, subcutaneous y , or m 
venously, calls forth sj-mptoms which include muscle 
tremor, and convulsions. This influence is ascribed to t 
mon function as calcium precipitants. The .jgn'- 

in this manner maj' be relieved by calcium adnunii 

V Starkenstein, E., Arch. exp. Path. v. Pharm., 191h 
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Gveemvald“ has repeated some of these experiments and has 
j-eported iiis failure to obtain the effects mentioned ^arken- 
steind^ 

Leaving out of consideration the question whether these sodium 
salts cause tetany sjnnptoms, it maj’- lie accepted that their intro- 
duction into the organism will undoubtedly act to rob it of 
calcium. If calcium injections will increase epinephrin glyco- 
suria and will alter the character of the curve of epinephrin 
hypergUcemiaj what effect upon blood sugar content may be 
expected when calcium is withdrawn from the normal organism? 
Or, if there is no appreciable change in blood sugar content, vdll 
the withdrawal of calcium change the features of epineplirin 
hj'perglycemia and gh^cosuria? The results obtained by subcu- 
taneous and intravenous administration of sodium phosphate 
upon the blood sugar content of normal rabbits may be seen in 
Table IV. Vliichever method of introduction is employed it is 
evident that blood sugar content may be appreciably lowered 
temporarily. This influence is not invariable, however, for- some 
animals fail to respond; for example, Rabbit 105. With intra- 
venous injections the effect appears sooner and is more transient 
than with subcutaneous administration. It is possible, therefore, 
that withdraM’al of calcium from the body will cause a distinct 
lowering of the sugar in the blood. However, Ijefore ascribing 
this influence to calcium withdrawal a second factor must be 
considered; namely, the alkalinity of the phosphate solution. 
To determine whether the diminished blood sugar content is due 
to the withdrawal of calcium or to the introduction of alkali, 
experiments were carried through with a neutral calcium-precipi- 

Greenwald, I., J. Pharin. and Exp. Therap., 1915, vii, 57. 

In my hands the subcutaneous injection of sodium phosphate (NasPO^) 
in the doses employed in this investigation never produced any sjuuptoms 
whatsoever. If intravenous introduction was made too rapidly, respira- 
tory difficulties were in evidence. On the other hand, even though no 
symptoms w'ere apparent during the period of injection, striking effects 
were seen about J of an hour later. These consisted of peculiar head 
movements, the nose being held high in the air. These motions remind one 
strongly of those sometimes seen in dogs in incipient tetany after thyreo- 
parathyroidectomy; they last for about 1 hour and then gradually cease. 
But even for an hour or more after the head has been held quiet the move- 
ments may be initiated again for a brief period by disturbing the animal, 
picking it up, etc. 
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tating salt, sodixmi oxalate (Table V). In this instance the initial 
action is definitely to increase the sugar of the blood, which maj 
later, in certain experiments at least, fall below normal. It is 

TABLE IV 

The Influence of Subcutaneous and Intravenous Injections of Sodium Phos- 
phate upon Blood Sugar Content. 
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evident, therefore, that the apparent withdrawal of calcium will 
cause a fall in blood sugar content. Parenthetically it may be 
stated that alkali will produce the same result, and a discussion 
of the possibilities as to the manner in which these facts may be 
correlated will be discussed in a later paper. 

In order to demonstrate even more conclusively the influence 
that calcium withdrawal may exert upon blood sugar changes, 
e.xperiments were so devised that sodium phosphate solutions 

TABLE VI. 

The Influence of Sxtbeuianeous Injections of Sodium Phosphate upon the 
Hyperglycemia and Olycostiria Provoked by Epinephrin. 

j Blood sugar content (in percentages) j I 


Rabbit 

Body 

weight 



Hours after injection of 


a 

Injection of 

0 5k sodium 


Nor- 

mal 

Sodium phosphate 

Epinephnn 


u 

phosphate 






2 

3 

4 

i 

2 

3 

4 

5 


to 

o 

05 



gm. 

_ 

















firm 

cc 

48 


0 

IG 

0 

16 





0 


0 

34 

0 29 

0 

21 

0 

15 

2 

69 

10 

49 


0 

15 

0 

23 





0 

26 

0 


0 31 

0 

27 

0 

16 

5 

24 

15 

•A.verage 


0 

15 







0 

23 

0 

37 



24 

0 

15 

3 

96 


40 


0 

11 

0 

12 

0 

13 



0 

38 

0 

30 

0 28 

! 

19 

0 

16 

0 

99 


47 

Bwiilil 

0 

14 

0 

13 

0 

13 



0 

28 

0 

28 

0 26 

0 

21 

0 

19 

5 

01 

10 

Average 


0 

13 







0 

33 

0 

29 


0 

20 

0 

17 

3 



43 


0 

18 

0 

15 


15 

0 14 


0 

23 

0 

28 

0 33 

0 

25 

0 

17 

1 

64 

10 

45 


0 

17 

0 

16 

] 

16 

0 18 


0 

24 

0 



0 

25 

0 

18 

1 

19 


50 


0 

15 

0 

13 

a 

14 

Blilil 

DBil 

0 

12 

0 

29 


a 

16 



a 

67 

10 

Average 


0 

16 







0 

19 

0 

29 

0 28 

a 

22 

a 

17 

1 

16 



were injected at varjdng periods prior to epinephrin administra' 
tion. The results are to be found in Table VI. It will be ob- 
served that when phosphate is introduced 1 hour previous to 
epinephrin injection (Experiments 48 and 49) there is a less 
marked degree of hyperglycemia than in the standard epinephrin 
curve. Moreover, the normal is regained more rapidly. In 
spite of these facts the total sugar output was higher than when 
epinephrin was given alone (compare with Table I). Epinephrin 
injected 2 hours after administration of sodium phosphate (Experi- 
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meats 46 and 47) yielded the same type of curve as those of Ex- 
periments 48 and 49. • Here the total output of sugar was below 
the standard epineplirin excretion in one instance and much 
above it in the other. If 3 or more hours are allowed to elapse 
between the introduction of sodium phosphate and that of epi- 
nephrin (Experiments 43, 45, and 50) the blood sugar curve is 
much less elevated and prolonged than that provoked by cpi- 
nephrin alone, and the average sugar excretion is much below 
the standard output induced by epinephrin. It is therefore appar- 
ent that injections of sodium phosphate will markedly diminish 
and shorten the period of hypergljmemia caused by epinephrin 
and will also appreciably decrease the elimination of sugar in the 
urme. 


SUMMARY; 

Under the experimental conditions subcutaneous injections of 
calcium chloride and calcium lactate fail to induce significant 
changes in the blood sugar content of normal rabbits. 

Subcutaneous administration of calcium salts previous to ept- 
nephrin introduction may provoke distinct alterations in tie 
character of the curve of epinephrin hyperglycemia and alnajs 
increase the output of urinary sugar. The time relation betuecn 
the injection of calcium and of epinephrin and the quantit} o 
calcium salt given constitute the factors which detennine c 
degree of deviation which the curve of blood sugar content maj 
assume. In general, the most marked effect is obtained, 
upon the epinephrin hyperglycemia cu 2 've and the excretion 
sugar, if 10 cc. of 1 to 3 per cent calcium lactate solution are 
introduced 2 hours previous to the injection of epinephrin. 

The subcutaneous or intravenous injection of trisodiutn p 
phate may cause, although not invariably, a distinct c 
in the blood sugar content of nonnal rabbits. The subcu 
administration of sodium oxalate may call forth 
ence, although the condition may be first precede ^ ^ 
mented blood sugar content. It is probable that t us 
these salts is attributable to their common propert}’’ o co 

with Calcium. _ r+fons hi- 

Given subcutaneously to rabbits under suitable con 
sodium phosphate will cause a marked lowering anc 
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of the curve of epineplirin hj^perglj’^ceniia and the excretion of 
sugar in the urine may be decreased significant^. 

CONCLUSIONS. 

Calcium saltc play a noteworthy rdlc in the regulation of blood 
sugar content, for (1) although an increase of calcium is without 
marked effect in normal animals such an augmentation in rabbits 
with a disturbed carbohydrate metabolism, in epineplirin hyper- 
glycemia, may result in a distinct change in the character of the 
curve of epineplirin hj’^perglycemia and maj^ also cause a notice- 
ably increased elimination of sugar in the urine; (2) withdrawal 
of calcium by introduction of sodium phosphate, for e.xample, 
will produce in normal rabbits, although not invariabty, a condi- 
tion of hj’^poglj'cemia; and (3) the injection of epinephrin at an 
optimum period after sodium phosphate introduction produces a 
briefer period of hyperglycemia with a lower sugar level than 
that jdelded by epinephrin alone. The sugar elimination by the 
Iddnej’- may also be less than the average output under epinephrin 
only. 




STUDIES IN CARBOHYDRATE METABOLISM. 


xn. THE INFLUENCE OF SODIUM CARBONATE UPON BLOOD 
SUGAR CONTENT AND UPON EPINEPHRIN HYPERGLY- 
CEMIA AND GLYCOSURIA.* 

By frank P. UNDERHILL. 

{From the She^icld Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(Received for publication, iSIay 17, 1916.) 

Under normal conditions the blood sugar content may be 
accepted as constituting one of the body constants. The exact 
mechanism whereby this regulation is maintained is unknown. 
The introductioh into the organism of various types of substances, 
such as epinephrin, phlorhizin, phosphorus, hydrazine, etc., is 
succeeded by a temporar}' failure of the blood sugar-regulating 
apparatus which may be manifested by the development of hyper- 
glycemia with glycosuria or bj"^ a condition of hypoglycemia in 
which sugar may or may not appear in the urine. The equi- 
libriimi of the blood sugar-regulating mechanism is undoubtedly 
exceedingly sensitive to a great varietj’ of chemical influences. 
This is particularly true with respect to circumstances which tend 
toward the production of a condition of acidosis, as exemplified 
by the hyperglj'^cemia and glycosuria which may be evoked by 
dyspnea and allied states. That acidosis exerts a distinct influ- 
ence upon carbohydrate metabolism is attested by the observa- 
tions of Elias,' who demonstrated that the introduction of hydro- 
chloric acid into dogs and rabbits leads to hyperglycemia and 
glycosuria. Elias^ has also shown that the so called hunger 
diabetes’ of jmung dogs is, in part at least, a condition due to 

* Reported at the December meeting of the American Society for Bio- 
logieal Chemists, Boston, 1915. See also Pros. Soc. Exp. Biol, and Med., 
1916, xiii. 111. 

’ Elias, H., Biochem. Z., 1912-13, xlviii, 120. 

- Elias, H., and Kolb, L., Biochem. Z., 1913, Hi, 331. 

’ Hofmeister, F., Arch. exp. Path. u. Pharm., 1889-90, xxvd, 355. 
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acidosis, as indicated by the carbon dioxide content of the blood 
and analysis of the alveolar air. Observations upon human 
diabetes also teach that in this condition acidosis ma}" play a 
part. From this brief review it is evident that the introduction 
of acid or the production of acid in the organism is associated 
with a disturbance of blood sugar content and is manifested in 
one direction; namely, blood sugar content is augmented. On the 
other hand, the influence of a state of alkalosis upon blood sugar 
content has received little or no attention. 

While attempting to demonstrate the relation of calcium to 
blood sugar content, as reported in the preceding paper, it was 
observed that the introduction of alkah into the blood stream 
sometimes caused a marked diminution in the sugar of the blood. 
In the present communication are given the results of these experi- 
ments together with those designed to test the influence of alkali 
upon epinephrin hyperglycemia and glycosuria. 

Methods. 

The general methods employed were those outlined in the preceding 
article. Well fed, full grown rabbits received into the ear vein injections 
of sodium carbonate solutions, the period of introduction varying from 2 
to S minutes. Anesthesia was never resorted to. UsuaJy the only 8310 ^ 
tom observable was a greatly diminished respiration and noticeable pen 
stalsis. Blood for analj’sis was withdrawn from the ear vein, sugar being 
estimated by the Forschbach and Severin method. Adrenalin (Par'c, 
Davis and Company 1 : 1,000) was introduced subcutaneouslj' in the 
of 1 cc. per kilo of body weight. Sugar in the urine was estimated b) e 
Allihn procedure. 

I 

The Influence of Intravenous Injections of Sodium Carbonate upon 
Blood Sugar Content. 

That alkali introduction exerts an action upon carbohydrate 
regulation in the body was demonstrated by Patw ^nd Go en, 
who found that the glycosuria provoked by ether or chloro om 
disappears after the intravenous injection of sodium car 0 
Given by mouth or intravenously sodium carbonate wdl a 0 
the hypoglycemia of hunger diabetes, and the jn, 

ing to EMs,“ will either entirely disappear or be great y 

* Pavy, and Godden, W., J. Physiol., 1911-12, xliii, P- 
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ished. After removal of the pancreas, sodium carbonate intro- 
duced into the blood stream of the dog causes a diminution of 
the sugar excretion.’’ Later work bj’’ Murlin and Kramer® has 
shown that under the influence of sodium hydroxide the respira- 
tory quotient is increased in depancreatized dogs. In agreement 
with this finding are the results of Kramer and Marker^ who 
have stated that, “Sugar retained when sodium carbonate is ad- 
ministered to depancreatized dogs is not stored as glycogen nor 
is it eliminated by waj-- of the saliva or the gastro-intestinal tract.’’ 
These observations make it evident that a condition of alkalosis 
may exert an influence upon carbohydrate metabolism, but this 
effect is manifested bj' retention of carboh 3 rdrate within the 
organism. 

The explanation for the closel 3 '- agreeing observations just cited 
probably lies in the effect wliich sodimn cai-bonate exerts at times 
upon blood sugar content. This influence ma}-^ be seen by refer- 
ence to Table I. It is evident from these figures that the intra- 
venous administration of sodium carbonate will cause a marked 
diminution in the blood sugar content of normal rabbits, but that 
this effect is not invariable. It will be observed that the quan- 
tity of alkali injected bears little relation to the action exerted 
upon blood sugar content. E.xpressed differently, one may say 
that the introduction of approximately 0.5 gm. of sodium car- 
bonate is just as efficacious when dissolved in 100 cc. of water 
as it is in stronger concentration or even in greater absolute 
amount. Blood sugar content is not always® affected but when 
there is a diminution it is transient, the normal being regained 
usually within 1 or If hours. If a second injection is given at 
a period when blood sugar is still low, the interval of hypogU- 
cemia may be lengthened noticeably (Rabbit 92). The diminu- 
tion in the percentage of blood sugar cannot be ascribed to mere 
dilution of the blood by the introduced fluid, because it has been 
found by experiments in this laboratory® that under the conditions 

‘Murlin, J. R., and Kramer, B., Jl Biol. Chem., 1913, xv, 365. 

‘ Murlin and Kramer, J. Biol. Chem., 1916, xxiv, p. xxv. 

’’ Kramer, B., and jNIarkcr, J., J. Biol. Chem., 1916, xxiv, p. xxiv. 

® The possible reasons for the irregularities in this respect are being 
investigated. 

® To be published shortly. 
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TABLE I. 


The Influence of Intravenous Injections of Sodium Carhonale upon Blood 

Sugar Content. 




Blood sugar content (in percentages; . 



Body 

eight 

'm 

Hours after carbonate injection. 

ItemarlvS. 


S 








rt 

a 


o 

i 

1 

U 

2 

3 

4 




■ 







Injection of 0.4 per cent 



■ 







NajCO,. 

82 

2,500 

0 15 


0 05 


0.11 




83 

2,000 

0 14 


0 05 


0 12 

iimbI 

SB 

80 “ 

84 

2,100 

0 12 

0 05 

0 04 

0 10 

0 09 




0 15 

0 03 

0 03 

0 02 

0 11 




85 

2,000 

0 12 

0 02 

0 05 

0.12 

0 15 




0 15 

0 03 

0 03 

0 02 

0 11 




94 

2,000 

0 17 

0 16 

0 11 






95 

2,000 

0 16 

0 12 

0 09 






99 

2,000 

0 18 

0 13 

0 12 


0 17 













NaiCO,. 

102 

1,600 

0 11 

0 18 

0 15 


0 18 

SI 



0 16 

0 14 

0 13 


0 12 




103 

1,600 

0 16 

0 14 

0 13 


0 12 

iiro 



0 12 

0 12 

0 13 


0 14 






92 

1,600 







0.14 

NauCOa* 

riO.30 a.m., 30 cc. 

0 13 

0 05 

0 04 

0 04 

0.05 

aim 

\ 11.30 “ 20 “ 

93 

1,600 

0 13 

0 02 

0 05 














during second injection. 


of the present experiments blood volume is restored to norma 
within a period of 20 to 25 minutes. 

The regulation of blood sugar content would appear to >e 
associated in part at least with the equilibrium between aci 
and bases in the body. 'Acid tends to increase blood su^f 
content; it has an influence in causing sugar elimination. 
the other hand, base or alkali tends to reduce the bloo sug- 
content. These ideas fit in well with the facts knomi 
ingVlie relation of thyreoparathyroidectomy to sugar meta | 

It hks been showm by Underhill and Blatherwick‘° that prc' 

^'^dorhiil, F. P., and Blatherwick, N. R., I- Biol. Chem., lOU, 

oT . 10 
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to the tetany provoked by removal of the th3Toid-parath3’Toid 
meclianisin, blood sugar content may be greath'- diminished. 
Calcium relieves the tetan3’ and restores blood sugar to normal. 
In the preceding paper of this series it has been demonstrated 
that under disturbed conditions of carboh3"drate metabolism 
calcium behaves in a manner analogous to h3’^drochloric acid. 
Wilson and his coworkers” have found tliat previous to the onset 
of tetan3' after removal of the th3Toids and parath3Toids a con- 
dition of alkalosis obtains. The introduction of h3’^dro chloric 
acid relieves the S3mrptoms equalh' as well as calcium adminis- 
tration. The period of alkalosis corresponds fairb’^ well with the 
interval of low blood sugar observed by Underhill and Blather- 
wick. It is probable, therefore, that the condition of alkalosis 
ma3’' be responsible for the h3’^pogl3'cemia. The resumption of 
normal blood sugar is induced b3’’ either calcium or h3’-drochloric 
acid which have a common behavior in increasing blood sugar 
content under suitable conditions. 

The Effect of Intravenous Injections of Sodium Carbonate upon 
Epinephrin Hyperglycemia and Glycosuria. 

Both calcium and hydrochloric acid cause a marked augmenta- 
tion of epinephrin h3"perglycemia and gb'^cosuria. In view of 
the fact that sodium carbonate may bring about a condition of 
h3>'poglycemia in normal rabbits and decrease the hyperglycemia 
in dogs after pancreas removal, it seemed desirable to determine 
the action of sodium carbonate upon the h3^pergl3'cemia and 
glycosuria induced by epinephrin. This has been done and the 
results obtained are detailed in Table II. 

WTien sodium carbonate is introduced into the blood stream 
in quantities above 0.5 gm. at an interval of 5 to 1 hour previous 
to epinephrin administration, there is a marked influence upon 
both the hyperglycemia and glycosuria. The hyperglycemia is 
distinctly lower and its period of duration decidedly shorter than 
when the sodium carbonate has been omitted.” Likewise the 


" Wilson, D. W., Stearns, T., and Thurlow, M. D., / . Biol. Chem., 1915, 
xxiii, 100. Wilson, D. W., Stearns, T., and Janney, J. H., Jr., ibid., 
1915, xxiii, 123. 

See preceding paper for hyperglj'cemia curve. 
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Injection ot 0.4 per cent Nn^COj 
and cpinophnn simuItiincouBly. 
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sugar elimination in general falls far below the average excretion 
observed when onlj’^ epincphrin has been injected. In one in- 
stance -(Rabbit 87) neither increased blood sugar nor glycosuria 
was in evidence. That this animal was not glycogen-free is 
proved b}' the fact that a second injection of epinephrin on the 
same day called forth an excretion of an appreciable quantit}’^ of 
sugar. Evidently it is not essential that there be an initial drop 
in blood sugar previous to epinephrin injection in order to obtain 
the tj^pical influence upon epinephrin hyperglycemia and gb'co- 
suria. This may be seen readilj’^ from Rabbits 90 to 109 inclu- 
sive. It is essential, however, that at least h hour should elapse 
between the administration of sodimn carbonate and that of 
epinephrin, as ma}' be seen from the results with Rabbits 88 and 
89 where the sodium carbonate and epinephrin were given nearly 
simultaneously. The extent and duration of hyperglycemia‘s 
more nearly resemble those observed with epinephrin alone. Even 
in this case, however, the duration of hyperglycemia has been 
significantly decreased. Glycosuria was also very much greater 
in both cases than in any of those, with a single exception, where 
an appreciable time interval occurred between the two injections. 

CONCLUSIONS. 

The intravenous injections of sodium carbonate into rabbits 
may induce a marked though transient fall in blood sugar content. 

It is suggested that the acid-base equilibrium is a factor in 
blood sugar regulation. 

The significance of this view in its relation to carbohydrate 
metabolism after thyreoparathyroidectomy is indicated. 

The hyperglycemia and glycosuria provoked by epinephi'in are 
both significantly decreased if sodium carbonate is administered 
at suitable periods of time previous to epinephrin introduction. 




STUDIES IN CARBOHYDRATE METABOLISM. 


XIII. THE INFLUENCE OF MAGNESIUM SALTS UPON BLOOD 
SUGAR CONTENT AND UPON EPINEPHRIN 
HYPERGLYCEMIA AND GLYCOSURIA. 

By FRANK P. UNDERHILL. 

» 

{From Ihc Sheffield Laboratory of Physiological Chemistry, Yale University, 

New Haven.) 

(Received for publication, May 17, 1916.) 

In a previous communication^ it has been pointed out that un- 
der suitable conditions calcium may exert a significant influence 
upon certain phases of carbohydrate metabolism. Since it is 
generally assumed that calcium and magnesimn within the or- 
ganism may play antagonistic r6les it seemed desirable to inves- 
tigate more closely than has been done previously the relationship 
of magnesium to blood sugar content both under normal condi- 
tions and in hyperglycemia experimentally produced. Our knowl- 
edge of the possible influence of magnesium upon carbohydrate 
metabolism is slight. Meltzer and Auer,- during the course of 
an investigation on the general behavior of magnesium salts in 
the body, incidentallj^ observed the appearance of sugar in the 
urine. Underhill and Closson’ who studied the phenomenon more 
closely showed that the intravenous injection of magnesium sul- 
fate caused a significant hyperglycemia which they ascribed to 
disturbances of respiration, dyspnea, induced by the adminis- 
tration of magnesium. A recent report'* by Kleiner and Melt- 
zer confirms these results, although the latter investigators 
believe that the condition of hj-^perglycemia is evoked in some 
specific manner by the magnesium salt. Airila and Bardy® state 

* Underhill, F. P., J. Biol. Chem., 1916, xxv, 447. 

^ Meltzer, S. J., and Auer, J., Am. J. Physiol., 1905-06, xiv, 371. 

’ Underhill, F. P., and Closson, O. E., Am. J. Physiol., 1905-06, xv, 321. 

* Kleiner, I. S., and Meltzer, S. J., J. Biol. Chem., 1916, xxiv, p. xx. 

‘ Airila, Y., and Bardy, H., Skand. Arch. Physiol., 1915, xxxii, 246. 
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that the intravenous injection of magnesium salts diminishes or 
inhibits the glycosuria produced b 5 ’- epinephrin. 

The present investigation was planned to determine the in- 
fluence of (a) small doses of magnesiiun upon blood sugar content 
in nomral animals, (b) small doses of magnesium upon epinephrin 
hj'perglycemia and glj'cosuria, (c) anesthetic doses of magnesium 
salts upon blood sugar content and upon epinephrin hj-pergh- 
cemia and gh’cosuria, and (d) (he influence of calcium upon the 
extent and character of the h 3 ’pergl 3 'cemia and glycosuria pro- 
voked hr' magnesium salts. 


Methods. 

Rabbits were employed tliroughout. Estimation of sugar in the blood 
and unnc was made in accordance with the procedures cited in a prenous 
paperd Magnesium was injected subcutaneously and calcium was intro- 
duced through the marginal ear vein. The epinephrin used was adrenalin 
of Parke, Davis and Companj' 1 : 1,000, 1 cc. or I mg. per kilo of body 
weight constituting the dosage emploj'cd. 


The Influence of Subcutaneous Injections of Magnesium Laclale 
upon Blood Sugar Content and upon Epinephrin 
Hyperglycemia and Glycosuria. 

It may’ be seen from an inspection of Table I that in the doses 
employed a 3 per cent solution of magnesium is without influence 
upon the blood sugar content of normal animals during a perio^ 
of 6 hours. The introduction of magnesium under thee-VTien- 
mental conditions is attended b 3 ’ no s 3 ’mptoms. 

TABLE I. 


The Influence of Magnesium Laelate upon Blood Sugar Conlent. 


Rabbit. ^ 

1 

i 

Body j 
weight 1 

i 

Bl«>od sugar content (in pcr(^ntas®5}* 

Subcutaaeous ‘f 

SperccntEoliiUOTOf 

majncsiiun iMUtf. 

1 Xor- 
1 mal. 

Hours after injection of 

1 tnagnesium bctate. 

[ 

; I 

[ 2 

3 1 

4 1 

5 

6 1 

j 

. 55^ 
oG\ 
57 t 

gm 

2,000 
2,000 1 
2,000 ! 
2.000 I 

■ 0 16 

0 13 
' 0 13 i 
1 0 11 

'O 15 
0 lo 
P 15 
P 11 

O, 14 

P. 12 
0 16 
0.12 

0.13 

0.14 

0.13 

'0.14 

1 

0.11 
P.14 
0.12 
'o n 

j 

0A2\ 

b.io! 

0.13 

0.14' 

o.io! 

'o.io 

P.I5 

0.12j 

CC. 

' 10 

10 

20 

20 
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On the other hand, if comparable doses of magnesium are 
given to rabbits at various periods previous to epineplirin ad- 
ministration a distinct influence may be observed both upon the 
curve of hj'perglycemia and upon the sugar elimination by the 
kidney (Table II). The effect upon h5’'perglycemia is mani- 
fested chief!}" by a significant shortening of the duration of this 
condition, the maximum of the hyperglycemia nob being influ- 
enced appreciably. The maximum effect upon hj"perglycemia 
appears to be produced when the magnesium salt has been in- 
troduced 1 or 2 hours previous to the injection of epinephrin. 
A distinctlj" lower level and shorter duiation of hyperglycemia 
are to be noted when the epinephrin has been administered 3 
hours after the introduction of magnesium. Magnesium lac- 

TABLE II. 

The Influence of Mag/icsium Lactate upon Epinephrin Hyperglycemia and 

Glycosuria. 


Blood sugar content (in percentages) 


Rabbit. 

Body 
n eight 

Nor- 

mal 

Hours after injection of 

6 

B 

u 

S 

c 

tm 

1 

CO 

Subcutaneous 
injection of 

3 per cent 
solution of 
magnesium 
Instate 

Jragnesium 

lactate 

Epinephrin 


2 

3 


2 

3 

4 

5 

6 


{7m. 











gm 

ce • 


EE5jl 

0 14 


0 12 


0 34 

0 34 


0 39 

0 28 


3 58 

) 


ESfl 

0 14 

lOiH 



0 33 

0 40 


0 30 

0 25 


7 72 



ESfl 


0 13 

Si 


0 33 

0 47 


0 30 


0 14 

2 85 

f 


Dgl 


0 11 



0 32 

0 50 


0 30 

0 29 

0 09 

2 52 

J 

Average 






0 33 

0 43 

M 

m 


m 

4 17 




0 14 

0 15 



0 37 

0 41 

0 36 

0 21 


0 15 

2 96 

20 



0 13 

0 12 



0 39 

0 39 

0 27 

0 24 


0 12 

3 60 


A.verage. 






0 38 

■l 

0 32 

m 

0 20 

■ 

3 28 


64 




0 18 


0 33 

0 33 


0 23 



2 48 

30 

65 

Be M 

SC 


0 17 

St 

0 21 

0 33 

m 

0 22 



1 05 

20 

66 

Be Si 

SC 



St 

0 25 

0 33 


0 21 

0 17 


3 15 


67 

BeQ 

0 14 



sc 

0 28 

0 35 

0 34 

0 22 

0 17 


9|m 


A.verage 







0 33 

0 28 

0 22 



2 09 
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tate seems to favor the elimination of sugar b}' the kidnej- during 
epinephrin hypergb'cemia, for the average amount of sugar 
appearing in the ui'ine is greater when magnesium injection pre- 
cedes epinephi-in introduction than it is when epinephrin is given 
alone.^ The maximum effect in this respect is seen if magnesium 
lactate is injected 2 hours previous to epinephrin. 

This influence of magnesium is still manifested if the magnesium 
injection precedes that of epinephinn bj’- 1 hour. Epinephrin 
introduced 3 hours after magnesimn produces a gi-eater average 
quantity of sugar than is found after epinephrin administration 
onlj', but the quantit 3 ’' of sugar excreted is decidedb' less than is 
called forth b\" the introduction of epinephidn at periods 1 or 2 
hours after magnesium. 

Under the experimental conditions magnesium lactate appears 
to exert an influence upon carboh}’-drate metabolism similar to 
that evoked bj” calcium; that is, both induce a greater output of 
sugar m epinephrin glycosuria. 


The Effect of Anesthetic Doses of Magnesium Sulfate tipon Blood 
Sugar Content and upon Epinephrin Hyperglycemia 
and Glycosuria. 

The results outlined in Table III make it evident that doses of 
.magnesium sulfate too small to produce anesthesia have only a 
slight transitor}'^ influence upon blood sugar content in norma 
rabbits. This shght effect is in the direction of inducing hj'per' 
glycemia, but the degree of high blood sugar content is insufficient 
to elicit the appearance of sugar in the urine. T\Tien, ho«e\rt, 
magnesium sulfate is injected in quantities leading to anesthesia 
hypergl 3 -cemia is marked and ma 3 ' continue for several hours. 
Under these circumstances the urine volume is low and the o a 
quantit 3 ’ of sugar excreted is ver 3 ’' small. 

The effect of anesthetic doses of magnesium sulfate^ upon 
epinephrin Irt^pergb'cemia and gb^cosuria ma 3 '' he seen m 
experiments detailed in Table lY. It is obvdous th.at un er 
experimental conditions magnesium does not greatly niter 
height or dmntion of epinephrin h 3 'pergl 3 ’'cemia nor is the ou p 
of sugar through the urine profoundb' changed from thal 
hy epinephrin alone. 
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TABLE III 

The Influence of Anesthetic Doses of Manncsium Sulfate upon Blood Sugar 

Content 


6S 

69 

72 

73 

74 

75 


Bod\ 

weight 


Blood sug'ir Content (in percentages) 


Sor- 

mil 


Hour*^ after injection of 
sulfate 





O 

3 


5 

G 

7 

H 


gm 

















gm 

cc 

2,300 

0 

17 


IS 

0 

22 

0 

20 

0 

14 


14 

0 

13 

0 

13 

0 

15* 

3,800 

0 

15 

0 

19 

0 

IS 

0 

17 

0 

11 


12 

0 

13 

0 

12 

0 

20* 

1,900 

0 

17 

a 

25 


37 

0 

33 

0 

33 


25 

0 

16 

0 

IS 

0 80 

25t 

2,200 

0 

15 

] 

31 


4S 

0 

47 

0 

35 


22 

0 

22 

0 

16 

0 36 

o 

CO 

2,100 

0 

15 

a 

29 


40 

a 

21 

0 

15 







0 65 

25t 



16 

0 

19 


29 


41 

0 

31 

a 

19 

0 

15 



0 34 

25t 


Subcutaneous injection 
ot 2 n MgSOi 


* Ko anesthesia 
t Complete anesthesia 


TABLE lA' 

The Influence of Anesthetic Doses of Magnesium Sulfate upon Epinephnn 
Hyperglycemia and Glycosuria 





Blood sugar content (in percentages) 









Hour 

« after injection of 


o 

c 



Weight 1 

Nor 

mal 

1 

Magncsiun 
sulfate 1 



Epinephnn 



e 

c* 





1 

2 

1 


3 

4 

0 

6 




gm 



1 



J 




gm 


70 




,0 28| 


,0 42 

[ilia 


0 33 

0 23 

,2 16 

Subcutaneous in- 

71 



1 


0 37 

0 37 

1 

0 36 

0 36 

0 36 

0 34 

1 

1 

|1 S9 

jection of 2n 
MgSOi, 30 cc 
Deep anesthe- 
sia m 1 hour 


The Influence of Intravenous Injections of Calcium Chloride upon 
the Hyperglycemia and Glycosuna Provoled by 
Magnesium Sulfate. 

Meltzei and Auei'^ have shown that an anunal anesthetized 
by an injection of magnesium sulfate may be quickly restoied 
to a noimal state b3^ the inliaAenous administiation of calcium 

® Meltzer and Auer, Am J Physiol . 190S, am, 400 
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chloride. Since the h3rperglycetQia and glycosuria subsequent 
to magnesium injection are most evident during the period of 
anesthesia it was of interest to deteimine what influence would be 
exerted upon blood sugar content by the recovery from anesthesia 
through calcium admimstration. The results of four such ex- 
periments ma}^ be seen in Table V. In each instance the rabbit 

TABIJE V. 


The Influence of Calcium Chloride upon the Hyperglycemia and Glycosuria 
Provoked by Magnesium Sulfate, 




Blood sugar content (m 
percentages). 



Rabbit 

eight 


Hours after jojection ol 

Sugar 
in urine. 

Remarks. 


Nor- 

mal 

Magnesium 

sulfate. 

Calcium 

chloride 






1 

2 




cm 






Subcutaneous injection of 

7S 

2,400 

0 13 

0 16 

0 26 

0 13 

0 

79 

2.400 

0 13 

Q 19 

0 22 

0.14 

Trace. 

25 cc. 2n MgS04. Com- 
plete anesthesia resulted 

80 

2,100 

0 12 

0 19 

0 10 

0 11 

0 

81 

2,100 

0 14 

0 20 

0 13 

0 10 

0 

within an hour. 1 hour 
after the MgSO< injec- 
tion each rabbit received 
10 cc. 2.5 per cent solu- 
tion of CaCh intrave- 
nously. Within 2 min- 
utes the animal had en- 
tirely recovered hom 
the deep anesthesia and 
was sitting in a normal 
position. 


was in a state of profound anesthesia within 1 hour after mag 
nesima injection. The range of blood sugar content usual j o 
tained with magnesiiun anesthesia may be found in Tab ® ' 

Comparison of these figures with those of Table V 
the introduction of calcium caused a rapid reduction of e 
peigb^cemia produced by magnesium to normal bloo su 
conttent, this effect being manifested within an hour or 
Clyc^ria either entirety failed to develop or else w'as pre~e 
a sligll. extent only. 
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Inasmuch as it has been shown that calcium salts and hydro- 
chloric acid produce similar types of influence upon blood sugar 
content during epinephrin h 3 '-perglycemia and glycosuria and 
since calcium chloride has an antagonistic action to magnesium 
with respect to anesthesia, it seemed desirable to test the influ- 
ence of hydrochloric acid upon the state of anesthesia evoked by 
magnesium sulfate. For this purpose a rabbit of 2,200 gm. body 
weight received an injection of 30 cc. 2 n magnesium sulfate 
subcutaneously. Deep anesthesia developed in 45 minutes. 
Intravenous administration of 20 cc. 0.1 per cent hydrochloric 
acid solution in 3 minutes caused accelerated respiration and re- 
turn of the eye reflex temporarilj^ but the conditions peculiar 
to magnesium anesthesia were soon resumed. A second rabbit of 
2,200 gm. body weight was given a subcutaneous injection of 30 
cc. 2 N magnesimn sulfate solution which was followed bj’- the 
usual deep anesthesia. The intravenous injection of 20 cc. 1.0 
per cent hydrochloric acid solution caused only an accelerated 
respiration. The influence of alkali introduction was tested upon 
a third rabbit weighing 3,000 gm. Anesthesia was induced b}’- 
the subcutaneous injection of 30cc.2 n magnesium sulfate solution. 
The intravenous administration of 60 cc. 1.0 per cent sodixun carbo- 
nate solution was without noticeable effect. 

It is apparent, therefore, that administration of hydrochloric 
acid or sodium carbonate is without significant influence upon 
magnesium anesthesia. 


SUMMABY. 

Small doses of magnesium lactate introduced subcutaneously 
fail to produce significant changes in the blood sugar content of 
the rabbit. 

The same dosage of magnesium lactate injected in like manner 
intensifies the effect of epinephrin upon blood sugar content 
and ' glycosuria. The maximmn influence is seen when the mag- 
nesium salt is given 2 hours previous to epinephrin treatment. 

A significant hyperglycemia is produced by subcutaneous ad- 
ministration of magnesium sulfate if general anesthesia devel- 
ops. Glycosuria is always slight. If anesthesia fails to develop, 
h5^perglycemia is not pronounced and is of short duration. Under 
these conditions sugar fails to appear in the urine. 
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Injection of calcium during the height of magnesium anesdiesi.j 
quicklj’ abolishes this state, as demonstrated b}- iVIeltzer and 
Auer, and in correspondence with this antagonism there is a rapid 
retm-n of blood sugar content to the normal level. Gh’cosuria 
is either absent or is present to a small degree only. 

Administration of h3'drochloric acid or sodium carbonate is 
without significant influence upon magnesium anesthesia. 



HYDROGEN ELECTRODE POTENTIALS OF PHTHALATE, 
PHOSPHATE, AND BORATE BUFFER MIXTURES.^ 

By william MANSFIELD CL^VRK and HERBERT A. LUBS. 

(Front the Dairy Division, Bureau of Animal Industry, United States Depart- 
ment of Agriculture, Washington.) 

(Received for publication, May 13, 1916.) 


INTRODUCTION. 

At the pi'esent stage of its development the colorimetric method 
of determining hj'drogen ion concentration requires the use of a 
set of comparison solutions whose hjulrogen ion concentrations 
have been accuratelj" determined Iw h 3 'drogen electrode measure- 
ments. Of the various sets which have been proposed the most 
complete and reliable is that of Sorensen (35, 36). This set may 
be supplemented bj’ various other mixtures am'ong which should 
be mentioned the acetic acid-sodium acetate mixtures carefull)' 
studied by Walpole (38), cacodylate mixtures (30, 37), and 
Palitzsch’s (33) boric acid-liorate mixtures. 

The present studj" will add to the available list the phthalate 
mixtures which received their first brief treatment Iw Fels (16). 

We have also studied a selection of mixtures which as a set 
seem to us to possess certain advantages over those in common 
use. In our selection we liave been guided largelj’’ bj^ the desire 
to simplify the technique of preparation and to ^-educe the number 
of substances required. 

We have considered it advisable to eliminate as far as possible 
the use of substances which crystallize with water of crj’stalliza- 
tion. Citric acid used in the Sorensen mixtures cr 3 ^stallizes with 
water of. ciystallization, and it effloresces so easil 3 ^ that deh 3 "dra- 
tion or else determination of the water content is necessaiy. 
Complete elimination of the water without decomposition of the 

* Published by permission of the Secretary of Agriculture. 
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acid is a delicate operation. Furthermore, citric acid sometimea 
crystallizes anhydrous, a fact which might easily cause confu- 
sion. We also have reason to believe that in the preparation of 
Na2HP04.2H20 from Na2HP04. IOH2O Sorensen’s method 
some workers have not appreciated the conditions or else tiic 
length of exposure necessary.* Our objection to the use of sub- 
stances which crystallize with water of crystallization applies es- 
sentially to a substance we have had to retain — boric acid. Boric 
acid is ordinarily considered to ciystallize without water of cystal- 
lization inasmuch as it precipitates with a composition which 
may be expressed as H3BO3; nevertheless, it loses water at a 
comparatively low temperature and is reported to change to 
metaboric acid between 80 and 100°. We have had no difHculty, 
however, in obtaining air-dried boric acid which loses less than 
0.1 per cent in weight ■when held for a week over calcium chloride. 
If we are to believe Berzelius (3) (1835) and the statements fre- 
quently made since his observation, borax, if carelessly handled, 
might become seriously impregnated with carbonate. The same 
might be true of disodium phosphate. Considerations such as 
these have led us to reduce the number of alkaline substances 
and alkaline stock solutions in our set to one. 

The acetic acid in the acetate mixtures is volatile and requires 
somewhat elaborate purification. The acetate mixtures are fur- 
thermore prone to support mold growth, although not to t ic 
extent which makes glycocoll so troublesome in standard solution^' 

The following is the set of mixtures we propose: 

Acid potassium o-phthalate — ^hydrochloric acid. 

“ “ " — sodium hydro.ride. 

“ “ phosphate — “ 

Boric^cid KCl — “ 

It will be noted that all the solid substances crystallize 
fully from their aqueous solutions without water of crysta me 
tion. All but the boric acid may be dried at 110°C. in an on luar^ 
oven. The boric acid may be dried fairlj^ well in bulk by 
it to the air, on a diy day, and can be spread finally in thin ay 

‘ We have observed a 10 per cent increase in the weight of 
exposed to a humid atmosphere. This is unlikely to occur un cr 0 
laboratory conditions but may be serious in humid climates. 
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in a desiccator over calcium chloride. Onb' the sodium h,ydroxide 
need be protected from the CO 2 of the atmosphere. 

The proper preparation of the sodium hj'droxide solution may 
appear to be a difficult matter. Later we shall outline a method 
of preparation which furnishes a solution sufficiently pure for the 
present purpose. 

Fig. 1, which must be drawn to a larger scale from the data 
given later before it can be used as is Sorensen’s chart (36) , will 
serve to show that the curve of the phthalates overlaps the 
curve of the phosphates sufficiently to allow the preparation of 
phthalate and phosphate solutions of the same hjffirogen ion 
concentration. In like manner the phosphate and borate curves 
overlap. This is important, for it makes it possible to check 
colorimetrically the consistency of any particular set of these 
solutions. It will also' be seen that the phthalate-HCl mixtures 
run up into the region which may be covered b}-^ HCl-KCl mix- 
tures, and, were these added to the list, the entire range of hj^ro- 
gen ion concentration of any ph 3 'siological importance could be 
covered. Some preliminarj'-measurements of KCl-HCl mixtures 
at 25° are given in Table VII. 

Acid potassium phthalate, as shown by Dodge (14) and con- 
firmed bj’- Hendrixson (19), is an excellent substance for the 
standardization of alkali solutions. We therefore have within 
the set a substance which maj-^ be relied upon to standardize 
the sodium hydroxide solution and indirectly the hjffirochloric 
acid solution. The other substances can be weighed accurate^. 

We shall describe in the following pages the electrometric 
measurements made, and shall discuss the values of diffusion 
and calomel electrode potentials used in the calculation of the 
hydrogen electrode potentials and Pa values of these mixtures. 

Apparatus and Methods. 

General Procedure . — The hydrogen electrode measurements were 
made with the chain: Hg, HgCl, KCl (0.1 n) / KCl (saturated) / 
Solution, Pt, H 2 . Instead of measuring the potential of this 
chain directly, it was measured in two steps. First, the chain 
Hg, HgCl, KCl (saturated) / Solution, Pt, H: was measured. The 
“saturated calomel electrode” was used as recommended bj- 
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acid is a delicate operation. Furthennore, citric acid sometimes 
crystallizes anh3"drous, a fact n-hich might easilj' cause confu- 
sion. We also have reason to believe that in the preparation of 
Na2HP04.2H20 from NajHPOi.lOHjO bj' Sorensen's method 
some workers Jiar’e not appreciated the conditions or else the 
length of exposure necessar}’.* Our objection to the use of sn!)- 
stances which crj'stallize with water of crj'stallization applies es- 
sentiallj^ to a substance we have had to retain — boric acid. Boric 
acid is ordinarilj' considered to crj’Stallize without water of cmlal- 
lization inasmuch as it precipitates with a composition rvhich 
may be expressed as H3BO3; nevertheless^ it loses water at a 
comparativelj' low temperature and is reported to change to 
metaboric acid between 80 and 100°. We have had no difficnitv, 
however, in obtaining air-dried boric acid which loses less than 
0.1 per cent in weight when held for a week over calcium chlotide. 
If we are to believe Berzelius (3) (1835) and the statements fte- 
quentl3’' made since his obseramtion, boras, if carelessl.v bandied, 
might become seriouslj’’ impregnated with carbonate. The same 
might be true of disodium, phosphate. Considerations such as 
these have led us to reduce the number of alkaline substances 
and alkaline stock solutions in our set to one. 

The acetic acid in the acetate mixtures is volatile and requires 
somewhat elaborate purification. The acetate mixtures arc fuf' 
themiore prone to support mold growth, although not to t c 
extent which makes gij'coeoll so troublesome in standard soiutiofc- 

The following is the set of mixtures we propose; 

Acid potassium o-phtha)ate — hydrochloric acid. 

" “ “ —sodium hydroxide. 

“ " phosphate — " 

Boric^cid -f KCl — " 

It will be noted that all the solid substances cry^stallize 
fully from their aqueous solutions without water of ctxsta 
tion. All but the boric acid maj'^ be dried at 110°C. in an or 
oven . The boric acid may^ be dried fairh’ well in hulk bj 
it to the air, on a drj' daj’’, and can be spread finally in tlun a? 

• We have obser%'ed a 10 per cent increase in the iveight 
exposed to a humid atmosphere. This is unlikely to occur un c 
laboratory conditions but may be serious in humid climates. 
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Michaelis and Davkloff (29), not onlj' because it requires less 
careful protection from the adjacent concentrated potassium 
chloride solution, but because its low electrical resistance per- 
mits a fuller use of the galvanometer’s sensitivit 3 ^ Since such 
an electrode 'is bj' no means as constant as the 0.1 n calomel 
electrode the electrode used was connected with five similar elec- 
trodes so that drifts of potential could be detected. The second 
step consisted in measuring the potential of the saturated elec- 
trode against the average of she 0.1 n calomel electrodes. 

The hj'drogen electrode vessels were the tj^e described pre- 
vioush' bj"- one of us (8). Before each measurement, the vessel 
was thoroughb’’ rinsed with several portions of the solution to 
be tested, and a vigorous stream of lijulrogen was then bubbled 
tlwough the solution in the vessel. The hydrogen bearing upon 
the solution was then brought to atmospheric pressure, the drain- 
cock was closed, and the vessel shaken from 10 to 15 minutes. 
Shaking was then stopped and the liquid contact with the satu- 
rated potassium chloride solution was made. The potential was 
measured immediatelj’’ with the electrode fully immersed. Tliis 
first-measured potential was alwaj’^s taken as the significant value. 
Readings were continued for 5 minutes in order to make sure 
that any drift which might occur was small and regular. A 
duplicate determination was then made with a second vessel and 
second electrode. If, as seldom happened, the two determina- 
tions were more than 0.05 millivolt apart, measurements were 
repeated until a series of consistent values were obtained. 

Diffusion Potentials . — The diffusion potential between satu- 
rated and 0.1 N KCl solutions was neglected. Therefore, the 
potential of the electrode described as Hg, HgCl, ICCl (0.1 n) is 
really the half cell Hg, HgCl, KCl (0.1 n) / Saturated KCl. 

The diffusion potential at the liquid contact with the solution 
in the hydrogen electrode vessel was reduced bj^ making this 
contact with saturated potassimn chloride solution. The Bjerrum 
(4, 5) extrapolation was found by essentially the same method 
employed by Walpole (38) in his studies of the acetic acid-sodium 
acetate mixtures. 

Since Bjerrum himself showed that this extrapolation does not 
furnish values in perfect accord nuth those deduced from theor 3 ’, 
and developed a theoretical explanation of wh 3 ' they could not, 
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and since Bjerrum and others have shown that the observed 
diffusion potentials are to some extent a function of the manner 
of the formation of the liquid juncture, we regard our extrapola- 
tions merelj'^ as indicating the order of magnitude of the correc- 
tion to be applied. 

Calomel Electrodes . — ^The mercury used in the calomel elec- 
trodes was thrice distilled by Hulett’s (20) method and filtered 
between distillations. It was then sprajmd repeatedly thronph a 
fine mesh cloth into a column of dilute nitric acid, washed with 
water in the same manner, and dried. It was then distilled tmee 
more from a Hulett still and finally distilled in vacuo. The 
original mercury was part of a stock which had been repeatedly 
distilled for use in vacuum pumps. 

The calomel was prepared as follows : Mercurous nitrate was 
formed by the action of redistilled nitric acid upon a large excess 
of the purified mercury. The product w’as thrown with the excess 
mercury into about 5 liter's of “conductivity water” and calomel 
precipitated by the addition of dilute redistilled hydrochloric 
acid. Calomel cells prepared previously from calomel which had 
been xvashed with suction had not agreed as w'ell as was expected, 
so the calomel, in this instance, was washed entirely' by decanta- 
tion in order to avoid change in grain size. Since rvashing h} 
decantation is a very inefficient process it was continued forsevera 
days — in the preparation of 0.1 n calomel electrodes for sercra 
weeks — with renexvals of 0.1 n KCl solution. 

The KCl solution used for the calomel electrodes was preparer 
from Kahlbaum’s zur Analyse KCl. The salt was recrysta! izcr 
three times from “conductivity water” of specific conduct!' i ) 
of about 1 X 10“® reciprocal ohms, ignited, and weighed 
.standardized weights with correction for air displacement. 
solution was made up with “conductivity water” saturatec ^ 
calomel containing a little mercury, and preserved in the < ar ' i 
Jena bottles. . . . „ 

The 0.1 N calomel electrode vessels w'ere made entire yog' 
with no rubber stoppers. „ 

Weston Cells . — Two Weston standard cells loaned by't >c u 
of Standards were used. We are indebted to ilr. Shoema 
the standardization of these cells. Tlicy were frequent y 
check the commercial Weston cell which served as t le " 
standard. 
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Electrodes . — Experience and the comments of others have taught 
us the advantage of freshly blacked electrodes when working with 
protein solutions. AVe have, therefore, adopted the use of palla- 
diimi black instead of platinum black because the palladium can 
be dissolved off bj' electrolj’sis and there is no need to spoil the 
surface of the electrode with the heroic blast lamp treatment 
sometunes used. This was the sole reason for using palladium 
instead of platinum black in this investigation. The palladium 
black was deposited in some instances upon gold, in others upon 
platinum. We have found no difficulty in preparing electrodes 
which when thoroughlj'- saturated with hydrogen and placed in 
the same solution agree within 0.02 millivolt or less. Their agree- 
ment in one solution, however, has seemed to us to be no certain 
guarantee of their agreement in another. Therefore, they were 
not compared apart from the main measurements but were as- 
sumed to agree when measurements of the same solution made 
with two electrodes in different vessels agreed. 

We have made no search for the best means of depositing 
palladium black but have had good success b}-^ electrob’-sis, with a 
four volt storage battery, of a 3 per cent solution of palladium 
chloride containing a mere trace of lead, acetate. The deposition 
should be carried far enough to produce a distinctly black coat but 
not so far that a thick layer is formed. No electrode was ever 
used unless the hydrogen liberated during the electrolysis in dilute 
sulfm-ic acid came off in perfectly even, small, and uniformly 
distributed bubbles. It was required that the deposit should be 
adherent enough to withstand a thorough washing with a vigorous 
jet of water. 

Hydrogen Electrode Vessels . — ^These were of the type described 
in a previous paper (8). It may be reiterated here that the two 
chief principles which have been applied are: (1) the thorough 
establishment of the equilibria between hydrogen, electrode, and 
solution by shaking; and (2) the establishment of these equilibria 
within the vessel before the liquid contact is made so that the 
initial potential of the chain, before drifts of liquid diffusion 
potential set in, is significant. The first principle is Hasselbalch’s 
(17); the second was suggested bj"^ the observations of Lewis and 
Rupert (22), Gumming and Gilchrist (12), and others on drifts 
of diffusion potentials. It should also be emphasized that the 
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electrode was fully immersed during a measurement but entirely 
exposed alternately to hydrogen and solution during the shaking. 

Hydrogen . — Hydrogen was generated electrolytically from a 10 
per cent NaOH solution, and was liberated from a nickel electro4o. 
It was passed over sulfuric acid to take up the spray and then 
over heated platinized asbestos to burn out residual traces of 
oxygen. The generator was always kept in operation, on a Ion- 
current over night, to avoid back diffusion of oxygen. 

Barometer Correction . — Barometer readings were made with an 
instrument corrected by the Bureau of Standards. The readings 
were corrected for temperature, instrumental error, scale, and 
latitude. The pressure of hydrogen was considered to be that 
of the corrected barometer less the vapor tension of the solution 
as of pure water. The difference of pressure between that at 
the vessel and that at the hydrogen escapement was neglected 
since this escapement was through a free passage constricted for 
only 6 inches to about 3 mm. At times the influence of this con- 
striction was made evident by back pressure in the hydrogen 
generator but it seldom if ever produced an excess pressure of 
over 0.2 mm. Hg. 

Hydrogen electrode potentials wmre corrected to the standard 
concentration of hydrogen, which, contrary to tire generally ac- 
cepted standard in hydrogen electrode work, we have considered 
to be the concentration which the gas w'ould have at 0°C. anr 
760 mm. corrected pressure. 

Temperature Control . — An air bath wms used for the mainte- 
nance of constant temperature. It consists of a well made cor 
insulated box with an interior box placed so that there is an nir 
chamber between it and the outer box on all sides but the front. 

A Sirocco centrifugal fan placed at one end draws air throug i 
this interior box and sends it back through the air chambers o 
the other end. In this wa}"- the air stream is kept free from serions 
eddy currents. The fan is belt-driven from the exterior. 

' Manipulations are made through two hand-holes with ® 
doors. Light is furnished through a double w-indow. The ra 
energj’- of the electric bulb is cut down by a screen of me 'C * 

fate''solution. i,„twccn 

The heating coil is of No. 30 bare nichrome Mre strung 
asbemos board supports about the fan w'here it recenes • 
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vigorous air current. The electric current passing through this 
coil is adjusted in accordance with the room temperature so that 
the rate of heating when the currcTit is thrown on b}' the regulator 
is approximately equal to the rate at which the air cools when 
the heat is off. 

The thermoregulator is of the very sensitive type described in 
a former note (7) 

The temperature maintained during these experiments was 
20°C. according to the indications of a »vell seasoned thermometer 
calibrated by the Bureau of Standards and certified to be accurate 
to =i= 0.02°C. Richards’ point was taken bj”^ means of carefully 
recrystallized sodium sulfate and the thermometer found to be 
correct at that point within the above limit. Smaller fluctuations 
were estimated by means of a tapped Beckmann thermometer. 
Previous experiments with a thermo element had shown the tem- 
perature to vary =fc 0.003° as the heat went on or off. This varia- 
tion was about a verj" slowlj' drifting mean. Because *of the 
great variation in the temperature of the room, 11-18°C., the 
drifts were somewhat larger during the period of these experi- 
ments than in previous work at 30°, but they seldom exceeded 
=^0.05° at any time; in the great majority of cases they were 
very much less, and during measurements were not over ±0.03°. 

All solutions were kept in the bath at least 2 hours before 
measurement. Thej^ were held in Jena glass Erlenmeyer flasks 
covered tightly with tinfoil. 

Potentiometer Equipment . — Potential measurements were made 
with a Leeds and Northrup potentiometer calibrated b 3 ’^ the 
Bureau of Standards. The rubber plate on which the coils and 
switches are mounted has been kept clean and free from the 
effect of light. The slide wire is frequentlj’- cleaned by gentle 
rubbing with a soft vaselined cloth. The galvanometer is a Leeds 
and Northrup type HN instrument. It is mounted against a 
solid brick wall with rubber supports. The telescope support was 
removed from the galvanometer case and remounted out of con- 
tact with the galvanometer. With these precautions all serious 
tremors were avoided. All wire connections on the switch board 
are soldered and the copper switches kept dusted. 

Wires are heavilj^ insulated and the sj'stem is shielded. No 
significant thermoelectromotive forces or leaks have been detected. 
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In the preparation of all solutions volumetric flasks with vohime 
at 20°C. certified b 3 ' the Bureau of Standards were used. These 
flasks were, of course, treated with care and were never heated 
or undercooled. Standardized weights w'ere used in weighing solid 
substances, but, with the exception of the KCl for the calomel 
electrodes, corrections for displacement of air were not made. 

The water used in the preparation of all solutions bad a spe- 
cific conductivit}’’ of about 1 x 10-* reciprocal oluns. 

Acid Poiassiinn Phthalaic . — ^This salt was made bj' the method 
of Dodge (14) from sublimed phthalic anhydride and c.r. KOH. 
It was recrj'stallized twice from distilled water and thrice more 
from “conductivity water" and dried at 110-115“ in platinum 
for 2 daj'S. 0.2 Ji solutions were made by dissolving 40.828 pn 
in “ conductivit}' water" and making the solution up to 1 liter 


at 20“G. 

Acid Potassium Phosphate. — c.v. grade of this salt was re- 
crj'Stallized several times from distilled and from “conductivity 
water." It was dried 2 daj's in platinum at 110-115‘’C. 0.23! 
solutions were made by dissolving 27.231 gm. in “conductivity 
water" and maldng up to a liter at 20°C. 

Boric Acid . — This was recrj'stallized several times, dried be- 
tween filter paper during 2 drj' winter daj'S, and the constancj 
of weight determined with small samples held for 2 weeks m a 
desiccator over CaCh. 0.2 m solutions were prepared by dh- 
sohdng 12.4048 gm. in “conductmty water" and making up to 
1 liter at 20“. 


Potassium Chloride. — Kahlbaum’s zur Analyse KCl was reerj- 
tailized twice from “conducthdtj’ w’ater” and ignited in platinum. 
The saturated solution used to reduce contact potentials v\as no 
made from the recrystallized salt but from Kahlbaum’s c.?. 

Boric Acid'Potasshnn Chloride Solution . — ^This solution cou 
tained 12.4048 gm. H3BO3 and 14.912 gm. KCl in 1 liter. 

Sodium Hydroxide . — 100 gm. of a high grade “KaOH * 

3 vere dissolved in 100 cc, of water. The Jena glass vessel was - 0 
pered and allowed to stand about 18 hours until the 
carbonate had mostlj' settled. Instead of letting it stan 0 
in t^ie glass and pipetting off the clear ln’dro.xide so u lo 
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Sorensen (36) reconnnends, it .was filtered with suction through a 
paper' which had been treated as follows: A hardened filter paper 
was placed for half an hour in warm 1 : 1 sodium hj’’droxide solu- 
tion. The alkali solution was decanted and the paper washed 
first with absolute alcohol and then with more dilute alcohol, and 
finalb’- with suction bj' co]Dious quantities of distilled water. The 
paper, now on a small Buchner funnel under gentle suction, .was 
allowed to diy partiall}’- but not to such an extent that it began 
to curl. The concentrated sodium h 3 '^droxide solution was then 
poured upon the middle, spread with a glass rod,- and gentb'’ 
sucked through. The resulting filtered solution appeared per- 
fectlj" free from suspended carbonate. No special precautions 
were used to prevent access of CO 2 while diluting this solution 
except that exposure was made as short in duration as possible. 
It was diluted first to about a 2 n solution in a stoppered bottle. 
This was standardized roughly and the solution was then diluted 
to approximatelj" 0.2 n. This was then poured quickly into a 
'paraffined bottle and guarded with soda lime tubes. The burette 
was permanentlj’- connected with this bottle but without rubber 
connections. 

The resulting 0.2 n solution contained so little carbonate that 
50 cc. when run into a boiled barium chloride^ solution in a flask 
protected bj^ a Bunsen valve gave only a very slight cloudiness 
which could sometimes be seen only by using a ray of sunlight. 
If the flask was then opened to the laboratorj' air, a marked 
cloudiness developed in a few minutes. 

This method of preparing “carbonate-free” sodium hydroxide 
solution is simple enough to be used in anj'^ laboratory, and it 
furnishes solutions which are doubtless pure enough for the pres- 
ent purpose. 

^ Mr. T. C. Trescot of the Bureau of Chemistry has for several years 
been using paper to filter concentrated sodium hydroxide solutions required 
in the determination of nitrogen by the Kjeldahl method. Dilute alkali 
solutions will, of course, disintegrate untreated paper; concentrated solu- 
tions will doubtless dissolve a small proportion of the paper treated as 
described, but there is no reason to believe that the organic matter carried 
into the solution during the time of filtration will be appreciable. 

“ This test is not of extreme delicacj' but serves to shoiv that sodium 
hydroxide solutions prepared as described are relatively free from car- 
bonate. 


I 
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Hydrochloric Acid. — redistilled 20 per cent solution was 
diluted approximately to 0.2 n with “conductmty water.” 

Standardization of Solutions. — ^The phthalate, phosphate, and 
boric acid-potassium chloride solutions were standardized by 
weight. 

The sodium hj^droxide solution Avas standardized by titrating 
weighed quantities of acid potassium phthalate in a current of 
COs free air, using phenolphthalein as the indicator. 

The hydrochloric acid was standardized by weighing as silver 
chloride. 

The hydrochloric acid and sodium hydroxide solutions were 
then compared bj'- titrating the acid wdth the alkali in a current 
of COo free am using phenolsulfonephthalein as the indicator. 

In this way the normality of- the sodium hydroxide solution 
was found to be: 


By phthalate 0.1S59" 

By HCl (AgCl) OdSoSS 


The proper factors for the hj'drochloric acid and sodium hy- 
droxide solutions w'ere used so that results could be stated in 
terms of exact 0.2 jr solution. 

Preparation of Mixtures. — ^The acid potassium phthalate, acid 
potassium phosphate, and boric acid-KCl solutions were meas- 
ured from clean calibrated pipettes into a 200 cc. flask. Tie 
0.2 X HCl or 0.2 x NaOH, as the case might be, was then deliv- 
ered from a calibrated burette, the mixture diluted to 200 cc. 
with “conductivit}'^ water,” poured into a Jena Erlenme 3 ’er flas', 
capped tightly wdih tinfoil, and placed in the air bath at 
hours before measurement. Since the ratio of acid to 
important, care wms taken that one solution was not apprecia J 
warmer than the other when measured; but since verj' slight hi 
tions of the mixture have no appreciable effect upon the 
ion concentration, no particular care was taken to ,bnn„ 
solution exactlj' to 20'’C. on dilution. 

Accuracy of Measurements and Values Invoked. 

The potentials are given to the fifth decimal place 
most cases the observed potentials agreed Avithin abou . 
millh'olt of the mean. In the .‘subsequent calcu ation 
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hydrogen electrode potentials and P„ values, there are involved 
the theoretical potential of the 0.1 n calomel electrode referred 
to the normal hydrogen electrode as the standard or null point, 
the deviation therefrom of the particular calomel electrodes used 
in this investigation, and the correction to be applied for diffusion 
potentials. Let us first consider diffusion potentials. 

Uncertainties of Diffusion Potentials . — In the older work and 
much of the later vork, the corrections for diffusion potentials 
have been deduced from theoretical considerations embodied in 
equations such as those of Planck (34), Henderson (18), Gumming 
(10, 11), and Lewis and Sargent (21). Bjerrum (4, 5), however, 
developed the use of an interposed saturated solution of potassium 
chloride, and showed, not only that the diffusion potential is 
reduced, but that a coiTection ma 3 ^ be applied b}^ an e.vtrapolation 
estimated from the potentials observed when the interposed solu- 
tion is in one case saturated and in the next case half-saturated 
potassium chloride solution. 

It should be remembered, however, that Bjerrum’s method 
does not correct exactlj', and Bjerrum himself called attention 
also to variations in diffusion potential, variations whose observa- 
tion bj’’ Chanoz (6) apparentlj' led Henderson (18) to revise the 
formula for diffusion potential. These variations or drifts have 
been reported bj^ We}'! (39), Bjerrum (4), Lewis and Rupert (22), 
Gumming and Gilchrist (12), AValpole (38), and others. 

Bjerrum concluded that the time change should be inversely 
proportional to the thickness of the mixed layer between adjacent 
solutions. G umm ing and Gilchrist (12) found their own experi- 
ments to be “in general accord with Bjerrum's even though there 
are still some points of difficulty.” They concluded, however, 
that the values deduced b}' means of one or another formula are 
not realized experimentally. 

Our own somewhat limited observations on diffusion potential 
have brought us into entire agreement with the suggestions of 
Gumming and Gilchrist, which are as follows: 

“1. To obtain accurate measurements of potential it is necessar 3 ' to 
form a new boundary shortly before the measurement is taken; otherwise 
a serious error may be introduced. 

2. It is desirable that the two solutions should be mechanicallj’ mixed 
at the boundary and this is the more important the narrower the tube in 
which the boundarj' is formed. 
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3. Capillary tubes should be altogether avoided in the construction oi 
an electromotive cell. 

4. The eieetromotive force of any cell which derives part of its poten- 
tial frojn the presence of a liquid contact is not constant but varies irifli 
the time which has elapsed since formation of the boundary; if due atten- 
tion is paid to the precautions mentioned above, constant and comparable 
results may be obtained.” 

Myers and Acree (32) seem to have arrived at a different 
point of view. They were doubtless aware of the fact that the 
drift in diffusion potential had been observed by others tviili 
systems in which the only variation which occurred was shown 
to be the potential at the liquid contact. Myers and Acree, 
however, state: 

“Several investigators, and especially Bjerrum, have observed that in 
measuring any system in which the hydrogen electrode is. a pari them is 
» change in the value obtained at the beginning and an hour later, perhaps. 

. . . . rf the systems 0.1 NKGl—HgCl—Hg and 0.1 NHCl-Pt-Hjarc to 

be compared, it is possible to connect them by satisfactory means and slid 
obtain a changing value for the system if it is not first saturated with 
hydrogen. But suppose that the connecting system* is first saturated with 
hydrogen, or, in other words, equilibrium is e.stablisheci and the systems 
are connected. Observations over periods of even a couple of hours sho" 
no changes whatever, provided no barometric change has taken place. 

It may be significant to note that Gumming and Gilchrist 
given a theoretical reason for believing that the time change 
should be small for the particular ratio of KCl to HCl mentionet 
in the above quotation, and that the time change would be sma 
if the liquid contact were made in a large tube. 

With the above quotation in mind, bub with an entirely di w 
ent purpose in view, the hydrogen electrode vessel describee in 
a previous paper (8) was designed so that the equilibria vitn" 
the vessel could be established before the liquid contact n as 
made. In spite of this, we have- found it impossible to o am 
constant and at the same time reproducible potentials with ij^ 
chloric acid, solutions W'hen a saturated solution of po as- 
chloride was used as the cpimecting fluid. A fair degree o repr 

■* l^Myers tells us th/jtby' saturation of the “ connecting syste^^ 
hydrogm the interposed potassium chloride solution was no ™ 
onlj’ th^olution whose hydrogen ion concentration was to w 
A portioSof this becomeij part of the “connecting system. 
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ducibility could be obtained Avith hydrochloric acid solutions if 
the potential AA’as measured directly after the formation of the 
liquid contact. This has been found to hold true for all the solu- 
tions tested. After this first I'eading; a drift of potential has 
ahvays been observed. The magnitude of this drift is compara- 
tively insignificant in most cases, but vith hydrochloric acid it 
is distinct and serious. In general the rate of drift is proportional 
to the magnitude of the diffusion potential estimated by the 
Bjerrum extrapolation. 

It might be urged that this large drift with hydrochloric acid 
solutions Avas due to contamination of the solution at the elec- 
trode bj”- the diffusion into the A'essel of potassium chloride. 
This will not explain wh}' potentials showed less change AA-ith 
more dilute hydrochloric acid solutions (the difference in density 
between 0.01 x IICl and 0.002 x HCl could play little part in 
5 minutes), or wh}’’ onl}-^ negligible changes were observed with 
other solutions, or the veiy good parallelism betAveen the magni- 
tude of this drift and the drift obseiwed Avhen the contact was 
formed between constant calomel electrodes. 

Experimental Avork like that of Gumming and Gilchrist is 
invaluable, for the biochemist must perforce study solutions whose 
diffusion potentials cannot be calculated. He must therefore 
depend upon the experimental reduction of diffusion potentials 
b}^ some means such as the use of an interposed saturated solu- 
tion of potassium chloride, and he can gain little help in the 
numerous papers on the calculation of diffusion potentials unless 
these lead, as did Bjerrum’s work, to a basis for further correc- 
tion. The Bjerrmn extrapolation, however, was worked out with 
hj-^drochloric acid solutions and we know of no good reason whj" 
it should be considered applicable to all sorts of solutions except 
as a probable index of the magnitude of the uneliminated diffusion 
potential. 

Nevertheless, if the magnitude of the Bjerrum extrapolation 
and the rate of drift in diffusion potentials are good criterions, 
many of the solutions used bj'^ the biochemist, AA’hether buffer 
mixtures or biological fluids, have much smaller diffusion poten- 
tials against a saturated solution of potassium chloride than 
hydrochloric acid solutions. 
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The considerations stated above point to the conclusion that 
hydrochloric acid solutions are not wpll suited to routine lyclrogen 
electrode standardization of calomel electrodes — ^a point to which 
we shall return later. Such solutions, however, have been used 
almost exclusively in determining the theoretical potential of the 
0.1 jf or normal calomel electrode in terms of the normal hydrogen 
electrode. Let us consider briefly some of the values given in 
the literature, touching fii’st upon the definition of the “norma! 
hydrogen electrode.” 

The Normal Hydrogen Electrode . — The normal hydrogen elec- 
trode is commonly supposed to be a platinized electrode immersed 
in a solution normal with respect to hydrogen ions and under an 
atmosphere of pure hydrogen and water vapor with the hydrogen 
at a partial pressure of 760 mm. One of us (9) will suggest in a 
paper now in manuscript that the definition should be revised io 
specify that the hydrogen gas should be at the standard con- 
centration which is the concentration which the gas would hnvc 


if it were under 760 mm. pressure and at O^C, 

This additional correction for the temperature of the hydrogen, 
like the correction for displacement of hydrogen I>y the vapor of 
a solution, is of no importance in standardizing the calomel elec- 
trode by means of a hydrogen electrode, provided the values 
used in any investigation all exclude or all include the correction 
and are all derived from data established at the temperature 
under consideration. But in comparing data derived at difier^u 
temperatures it should be noted that the correction for hot 1 1 le 
displacement of hydrogen by water vapor and the rarefaction o 
the hydrogen due to its temperature is more than 0.8 im 
greater at 30° than at 18°, and that at 30° and 760 mm. tw o^^i^ 
correction for vapor tension and temperature amounts to 


millivolts. , , (^1 

With this in mind let us then compare some values assigne 


the 0.1 IV calomel electrode at different temperatures. ^ 

Values Assigned to the 0.1 Calomel Electrode, n ^ 
will be found some values referred to the normal 
trode under 760 mm. pressure of “wet” hydrogen. 
been corrected first to the normal hydrogen electro o ^ 
partial pressure of 760 mm. hydrogen and then to 
density or concentration of hydrogen at 0 C. am < 


pressuJy. 
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TABLE I. 


Potentinis of the 0.1 n KCl calomel electrode referred to the normal 
hydrogen electrode at different temperatures and different standards of 
hydrogen concentration.’ 


Author. 

Tem- 

per- 

ature. 

Potential referred to normal 
hydrogen electrode at indicated 
concentration of hydrogen. 

760 mm. 






Bjerrum 

"C. 

0 

rolls 

0.3366 

tolls 

0.3367 

volts 

0.3367 

Sorensen and Koefoed 

18 

0.3377 

mSm 

0.3388 

ft ft ft 

20 


IB 

0.3387 

Clark 

20 

0.3373 

m 

0.3385 

Bjerrum , 

25 

0.3367 

0.3371 

0.3382 

Sorensen and Koefoed 

30 

0.3364 

0.3370 

0.3383 

ff ft tt 

40 

0.3349 

0.3359 

0.3378 

ft ft tt 

50 

0.3326 

0.3344 

0.3368 

tt tt tt 

60 

0.3290 

0.3321 

0.3350 

Bjerrum 

75 

0.3243 

0.3315 

0.3351 


It is worth}’’ of notice that the difference of 1.3 millivolts 
between Sorensen and Koefoed’s (35) values at 18 and 30° reduces 
to 0.5 millivolt when fully corrected, and that the difference of 
12.3 millivolts between Bjerrum’s measurements 75° apart reduces 
to 1.6 millivolts when the full correction is applied. 

All our measurements have been corrected to 760 mm. partial 
pressure of hydrogen at 0°. In a sense, it may seem superfluous 
to make all these corrections for biochemical purposes, but the 
correction for changing barometer is necessary, and, when once 
the barometric reading has received the proper corrections, all 
the others can be found from a plotted curve in one operation. 

For the convenience of others, we have tabulated in Table II 
the full corrections to be applied at different temperatures and 
barometric readings. These can be plotted so that the applica- 
tion of the correction is easy. 

We have included in Table I only the measurements of Bjerrum 
and of Sorensen and Koefoed because they appear to be com- 
parable enough to use in the foregoing discussion. 

, Loomis and Acree (27) have presented a choice of values at 
25° for the 0.1 n calomel electrode which depend upon the per- 
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the full correction for the hydrogen pressure. This happens to 
be identical with the average of Bjerrum’s and Sorensen's cor- 
rected values at 18-30° (Table I), but the maximum variation 
from the mean was 0.22 millivolt and the mean variation 0.14, 
and the diffusion potential had to be averaged from a large num- 
ber of measurements, some of which differed by 0.4 millivolt. 
The details of these measurements are hardl}^ worth publishing 
since no very illuminative order was found in the conduct of the 
diffusion potentials. 

The value 0.3385, referred to a normal hydrogen electrode under 


standard concentration of hydrogen gas (760 mm. at 0°C.), is the 
value we have assigned to the average of our 0.1 n calomel elec- 
trodes. It is a somewhat arbitrary value based on the consider- 
ations presented above and upon the older values for the dissocia- 
tion of hydrochloric acid solutions. If it differs radical!}' from 
Lewis and Randall’s value and from the values given by Loomis 
and Acres, it is, at least, a value in harmony vvith those generally 
accepted in biochemical work, and places om' data on the “buffer 
mixtures” in harmony with a scale of hydi’ogen ion concentration 
whose importance has become too great to justify hasty resetting. 

It should be emphasized again that it is to a large e.xtenf an 
arbitrary value which will have to be revised when the true 
value shall have been so well established that there will be no 
hesitancy in shifting the scale used in biochemistry. 

In addition to the unsatisfactory state of the question o m 
theoretical value to be assigned to the 0.1 N calomel electrode, 
rve find a vexatious uncertainty in the potentials of our particii ar 
individual calomel electrodes. In the pressure of other researc . 
we have discarded some sixty electrodes because they n 
apart sometimes as much as half a millivolt. In this 
tion one of the six electrodes persisted in a potential 0.2 o 
millivolt higher than the others. These other five differe 
themselves 0.02 to 0.08 millivolt. We have been persis en^^ 
defeated in the effort to prepare calomel electrodes agree^^p 
better than the six used in the present investigation, anc 
inclined to believe that we can improve the agreement 
adopting the Lipscomb and Hulett (25) method o 

Cbfi p.nlnmpl p.leetrolvt.ieallv. In view of Ellis’ (15) exce cn 


the calomel electrolytically. In view of Ellis’ (15) ^ 

w’ith this method applied to HCl calomel electrodes, i 


hard!}' 
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worth while to state more than the above summary of the dis- 
agreement of our electrodes since this is sufficient to indicate our 
order of accuracy. The device used by Myers and Acree (32) 
which consists in short circuiting differences in potentials was not 
resorted to. 


The Measurements. 


The measurements are given in Tables III to VI. 

At the head of each table will be found the composition of the 
mixtures. In the first column are given the cc. of acid or alkali 
added as indicated in the heading. Then follows the average 
observed potential of the chain: 

Hg,HgCl / Saturated KCI / Solution, Pt.Hj. 

This potential is next corrected to the standard concentration 
of hydrogen at 0° and 7C0 mm. pressure with the assumption 
that the vapor pressure of the solution is that of pure water at 
the temperature used. The potential is then corrected to the 
basis of the average of the six 0.1 n calomel electrodes, and 
finally it is corrected for the diffusion potential by Bjerrum’s 
extrapolation. The next to the last column contains the cor- 
rected hydrogen electrode potential found by subtracting the as- 
sumed standard potential of the 0.1 n calomel electrode, and finally 
in the last column is given the calculated value of Sorensen’s 
Pn or —log [C,,]. 

In this calculation the familiar equation was used: 


RT, 

n - nF In 


1 

[Ca] 


R = Gas constant in volt coulombs (8.31574). 

T = Absolute temperature, 273.09 t° . 

n = Valence of hydrogen, 1. 

F = The Faraday, 96,500 coulombs. 

In = Natural logarithm. Factor for transposing to Briggsian logarithm, 

0.4343. 


At 20°C. the above equation becomes : 

IT = 0.058155 logio f,-, 7 = 0.058155 Ph 

I'-'HJ 
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TABLE III, 


Hydrogen electrode measurements of phlhalale~HCl mixtures at 20’ C. 
Composition of solutions; 50 cc. 0.2 ii KHCjH^Oi + X cc. 0.2 x HCl. 
Diluted to 200 cc. 


X ; 

i 

E. M- r. 
obs^rveti. 

E il- F. 

corrected for 
barometer. 

E. M. P. 

corrected to 
a^'cra^e 0-1 K 
calomel 
electrode. 

j 

E. M. P. 

corrected foi 
diffusion 
potential. 

E. M. r. 
corrected 
- 0.33S5. 

Pb 


TjUa 

ro/ta 

rolls i 

voUa 

TO^iS 


Oi 

0.47995 

0.4S154 

0.56970 

0.56938 

0.23688 

3.970 

1 

0 47620 

• 0.47779 

0.56601 

0.56564 

0.22714 

S.OO-J 

5 1 

0 40202 

0.40319 

0.55139 

0.55104 

0.212.54 

! 3.05 

10 

0.44697 

0.44S14 

0.536.34 

' 0.53602 

0.19752 

! 3.306 

15 i 

0 43499 

0,43616 

0,52436 

0.52405 

0.1S555 

3.191 

20 

0.42450 1 

0.42568 

0,51388 

0.513.58 

0.I750S 

3.011 

25 

0.41496 

0.41614 

0.50434 

0.50405 

0.16555 

2.847 

.30 

0.40590 

0.4070S 

0.49528 

0.49501 

0.15651 

2.C8I 

35 

0.39G9S 

0.39SI6 

0.48636 

0.4SG11 

0.14761 

2.53S 

40 

0.38S.30 

0.3S94S 

0.47768 

0.47745 

0;i3S95 

2.3S9 

4o 

0.37992 

0.38110 

0.46930 

0.46909 

0.13059 

■.?45 

50 j 

0,37220 

1 

0 37344 

0.46164 

0.46144 

0.12294 

.'^14 


TABLE IV. 


Composition of solutions: 
Diluted to 220 cc. 

50 cc. 0.2 M KHCsHjO. 

: 

K. if. r- 
observed. ! 

E. if. F. 

corrected for , 
barometer. 

E. M. F. 

co.Tected to 
average O.I 
calomel 
electrode. 

E. .M. r.- 
corrected foi 
diffusion 
potential. 

1 

To/fS 

1 

vclCt 

rolls 

rOfiJ 

0 i 

0 4S051 1 

0.4SI56 

0 , 56977 

0.5G939 

1 

0.48421 

0 48526 

0-57317 

0.5730S 

2 

0.4Sr90 

0.4SS9r 

0.5771S 

0.o767S 

5 

0.49806 

0.49913 

0.58734 

o,mo2 

10 

0.51207 

0 51316 

0.60137 

0.60093 

15 

i 0.52330 

0.52439 

0.61260 

0.61214 

20 

! 0.53308 

0 53435 

0.62253 

0.62206 

25 

! 0.54242 

0.54369 

0,03187 

0.63139 

SO 

! 0.55203 

' 0.53333 

0.64151 

0.64103 

35 

0.56260 

0 56388 

0.65206 

0.65158 

40 

0.57563 

0 57691 

0,66509 

0.66461 

45 

p . 595S3 

0.59711 

0.6S529 

0.6S4S0 

47 

0.61009 

0.61137 

0.69955 

0.69905 

48 

0\62099 

0.62229 

0.71047 

0.70996 

49 1 

o}a39S2 

0.64112 

0.72930 

0.72S7S 

50 1 

(O.TMOlO) 

! 0-74140 

1 

0 S295S 

0.S2905 


K. ' 

corrtctsd 
^ 0^1S5. 


tofte 

0.230S0 

0.23I.5S 

0.23S2S 

0.2-4S42 

0.2C2J3 

0.27304 

0.2S35G 

0.292SO 

0.30253 

0.3130S 

0.3201J 

0,340.30 

0.30055 

0.37J4G 

0.3902S 

0.400.M 




3,870 

4.034 
4.087 
4.272 
4.513 
4,705 
4,S7C 

5.035 
5.202 
5,353 
5.E03 
5.855 
0.201 
(5.557 
C.7I1 

(S,433,' 
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. TABLE V. 


Hydrogen electrode measurements of “phosphale mixlures” at 20° C. 
Composition of solutions: oO cc. 0.2 jt IvH 5 PO< + X cc. 0.2 n XaOH. Di- 
luted to 200 cc. 


X 

E. M. F. 

obsen'ed. 

E. Af. r. 
corrected for 
barometer. 

»E M r. 
corrected to 
average 0 I x 
calomel 
electrode 

E. M. F 

corrected for 
diffusion 
potential. 

E. .M. r 
corrected 
- 0 3385. 

Ph 


ra//s 1 

ToUf 

rolls 


rolls 


1 

0.5534G 

0 5546S 

0 64293 

0 64267 

0 30417 

5 230 

2 

0.57076 

0 57200 

0 66025 

0 65997 

0 32147 

5 528 

5 

0.59449 

0 59573 

0 6S39S 

0 6S36G 

0 34516 

5 935 

10 

0.61423 j 

0 61547 

0 70372 

0 70337 

0 364S7 

6 274 

20 

0.63770 

0 63S94 

0 72719 

0 72GS0 

0 38830 

6 677 

25 

0.64757 

0 G4S71 

0.736S6 

0 73646 

0 39796 

6 843 

30 

0.65745 

0 65859 

0 74674 

0 74633 

! 0 40783 

' 7 013 

40 

0.6S142 

0 6S2G6 

0 77081 

0 77039 

0 43189 

7 427 

45 

0.70187 

0 70314 

0 79129 

0 790S4 

0 45234 

7 778 

47 

0.71606 

0.71733 

0 80548 

0 80500 

0 46650 

8 022 


TABLE VI. 


Hydrogen electrode measurements of "borate mixtures” at 20°C. 
Composition of solutions; 50 cc. 0.2 ii H3BO3, 0.2 m KCl -t- X cc. 0.2 
XaOH. Diluted to 200 cc. 


1 

X 

E. M. r. 
obser\’ed. 

E M F 

corrected for 
barometer 

E M F 
corrected to 
average 0 1 n* 
calomel 
electrode. 

E M F 
corrected for 
diffusion 
potential 

E M. F 
corrected 
- 0 33S5 

Ph 


Tolls 

vo’ts 

rolls 

rolls 

Toltn 


0 

(0 57400) 

0 57511 

0 66343 

0 66343 

0 32493 

(5 587) 

1 

0.67680 

0 67791 

0 76623 

0 76623 

0 42773 

7 355 

2 

0.69521 

0 69629 

0 78459 

0 78459 

0 44609 

7 671 

3 

0.70633 

0 70743 

0 79573 

0 79573 

0 45723 

7 862 

4 

0 71447 

0 71557 

0 80386 

0 80386 

0 46536 

8 002 

5 

0.72I0S 

0 72218 

0 81047 

0 81040 

0 47190 

8 116 

10 

0 74258 

0 74391 

0 83232 

0 83230 

0 49380 

S 491 

15 

0.75720 

0 75853 

0 84694 

0 84691 

0 50841 

8 742 

25 

0.78023 

0 78156 

0 86997 

0 86991 

0 53141 

9 138 

35 

0 80243 

0 80376 

0 89217 

0 89209 

0 55359 

9 519 

40 

0 81609 

0 81742 

0 90583 

0 90573 

0 56723 

9 754 

45 

0 83566 

0 83699 

0 92540 

0 92529 

0 5S679 

10 090 

47 

0.84763 

0 84896 

0 93737 

0 93725 

0 59875 

10 296 

50 

0 87820 

0 87953 

0 96794 

0 96782 

0 62932 

10 821 


DoDcpfi PJclIg !iIDf7€H7D 
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tabm: VII. 


Ph values of KCl-HOl mixtures. Preliminary measurements at 2o°C. 
Composition of solutions: SO cc. 0.2 mKC 1 + X cc. 0.2 nHC 1. Diluted to 
200 ce. 


X 

Ph 

X 

Pn 

3 

2.733 

20 

1.722 

5 

2.332 

25 

1.62S 

7 

2.180 

40 

1.416 

10 

2.027 

50 

1.314 

15 

1.847 




DISCUSSION. 


The observed potentials given in the tables are the average 
of at least two measurements agreeing within =^=0.03 millivolt of 
the mean. The onset of warm weather has prevented repetition 
of these measurements at 20° with the present equipment, but 
the}' will be repeated at higher temperatures in order to estabns 
the temperature coefficients. . 

0.05 in instead of the higher concentrations have been studiec 
for two reasons. In the first place, solutions as concentrate! 
as 0.1 M are at the border line of what may he considerc >e 
range of dilute solutions and are therefore less adaptet o 
the theoretical treatment which may become necessaiy. u 
the second place, we have desired for our own work a senes o 
solutions whose salt concentration is more nearlj' compara 
with that of ordinary bacteriological culture media than are 
solutions generally used. 

The addition of potassium chloride to the borate mix 
,found advisable in order to make the "salt effect upon 
comparable in the borate and phosphate mixtures. 
a certain inconsistency in retaining the same 
potassium chloride as the salt in the form of 
This might be overcome by dilution of the borate mix 
declining volumes of a potassium chloride solution, u 
considered this unwise in view' of the fact that care e- 
the yolume of potassium chloride might introduce a 
upoiV the hydrogen ion concentration of the ' realka- 
"sal^ error" of the present method. Furihermo , 


Wm. M. Clark and H. A. Lubs 


503 


line borate mixtures where this salt error might become appre- 
ciable will seldom need to be used in bacteriological or physio- 
logical investigations. The effect of the potassium chloride upon 
the P„ values of borate mixtures was shown by a rise of about 
0.04 Ph. Sunilar effects of neutral salts have been discussed 
bj' Sorensen (36), Loomis and Acree (27), Walpole (38), and 
Harned (40). 

Since potential measurements of “unbuffered” mixtures cannot 
be accurateb"^ made, the potentials observed with such mixtures 
are bracketed. 

For bacteriological colorimetric work we have found it con- 
venient to use these mixtures at intervals of 0.2 P^. Interpola- 
tion to 0.1 is easi"^ in most cases and the accuracj’- allowed is 
adequate for all general work. For the convenience of those 
who wish to use tliis system we have given in Table VIII the 
compositions corresponding to intervals of 0.2 Pn. We make up 
the full 200 cc. of solution instead of the 10 cc. of other sj^stems 
because one generally wishes several portions of a solution in a 
day’s work, and because, by preserving these solutions in properly 
stoppered bottles each with its own 10 cc. pipette, there is always 
some at hand for the occasional test. All solutions should be 
kept in resistant glass and the borate mi.xtures in paraffined 
bottles. 

It vdll be found that the more acid phthalate-hydro chloric 
acid solutions contain so much free phthalic acid that it will 
crystallize out at 20°. The separation of the phthalic acid prob- 
ably produces an insignificant change in the hj'^drogen ion con- 

TABLE VIII. 


Composition of mixtures giving Ph values at 20°C. at intervals of 0.2 Ph. 


Ph 

Phthalate — HCl mixtures. 

2.2 

50 

CC. 

0.2 m KH Phthalate 

46.70 cc. 0.2 N HCl. 

Diluted to 200 cc. 

2.4 

50 

i{ 

0.2“ 


if 

39.60 

“ 0.2“ 

if 

if 

if if 

ft 

2.6 

50 

u 

0.2“ 

« 

if 

32.95 

« 0.2 

ft 

if 

a if 

ft 

2.8 

50 

u 

0.2“ 

l( 

a 

26.42 

“ 0.2“ 

fl 

if 

it ft 

ft 

3.0 

50 

t{ 

0.2“ 

if 

{{ 

20.32 

« 0.2“ 

ft 

ft 

if if 

ft 

3.2 

50 

« 

0.2“ 

if 

fi 

14.70 

“ .0.2“ 

U 

if 

it ft 

ft 

3.4 

50 

u 

0.2“ 

i( 

if 

9.90 

“ 0.2“ 

it 

ft 

ft it 

ft 

3.6 

50 

({ 

0.2“ 

it 

if 

5.97 

“ 0.2“ 

a 

a 

ft ft 

ft 

3.8 

50 

tc 

0.2“ 

if 

te 

2.63 

“ 0.2“ 

it 

ft 

ft ft 

ft 
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TABLE xm— Concluded. 



Phthalate — ^XaOH mixtures. 

4 0 

50 cc. 0.2 M KH Phthaiate 0.40 cc. 0.2 x XaOH. Diluted to 200 cc. 

4 2 

50 “ 0.2 “ “ 

“ 3.70 “ 0.2 “ 

U 

it tt tt if 

4.4 

50 “ 0.2 “ “ 

“ 7.50 “ 0.2 “ 

u 

tt (t ft tt 

4.6 

50 “ 0.2 “ “ 

“ 12.15 “ 0.2 “ 

It 

if It ti It 

4.8 

50 “ 0.2 “ “ 

“ 17.70 “ 0.2 “ 

it 

it tt tt (( 

5.0 

50 “ 0.2 » “ 

“ 23.85 “ 0.2 “ 

It 

tt tt tt it 

5 2 

50 “ 0.2 “ “ 
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centration. We hope to report upon measurements at higher 
temperatures in the near future. 

The defects of this sj’stem ma}’- be summarized as follows: 

1. Inasmuch as the hydrogen ion concentration of a mixture 
is determined chiefly by the ratio of acid to base, the substitution 
of NaOH in place of the Na 2 HP 04 used by Sorensen in the phos- 
phate mi.\tures and of NaOH in place of Na 2 B 407 used b}^ Palitzsch 
in the borate mixtures maj' introduce serious errors in the more 
alkaline mi.xtures of each scries, if the sodium hydroxide and 
acid potassium phosphate or the sodium hydroxide and boric 
acid (KCl) are not standardized to the correct ratio. 

2. Of the more acid mixtures of the phthalate-hydrochloric 
acid series,, those more acid than P„ = 2.6 are saturated with 
free phthalic acid which will crystallize out at low temperatures. 

3. The correction for the salt error of indicators bj' the addi- 
tion of potassium chloride to the more acid borate mixtures in 
order to make these comparable with the phosphate mixtures is 
continued in the more alkaline mixtures where the salts of boric 
acid doubtless produce a salt effect. 

The second and third criticisms will probablj" have little sig- 
nificance for the particular use for which this set of mixtures was 
designed. It should be emphasized that the variation in the salt 
concentration of the mixtures we describe is ver}’^ much less than 
that of some of the Sorensen mixtures; for example, the citrate 
mixtures. 

The first mentioned defect is one which applies not only to 
these mixtures but to Sorensen’s citrate mixtures, borate mix- 
tures, and alkaline gly cocoll mixtures. It is compensated for by 
the fact that the sodium hydroxide may be prepared in sufficient 
purity and standardized with sufficient accurac}^ by simple means 
if the procedures outlined are followed, and also bj^ the fact that 
all the solid substances used are easily purified, free from water 
of crystallization, unaffected bj"^ atmospheric carbon dioxide, and 
invested with manj'- of the properties which make possible accu- 
rate preparation of their Solutions.® 

' In making this statement we are not unmindful of the fact that because 
a substance crystallizes beautifully it is no guarantee that it can thercb5' 
be perfectly freed from impurities. We believe, however, that three 
crystallizations of the substances mentioned, if properly done, will furnish 
material of a purity adequate for the purpose. We recommend that under 
no circumstances unreorystallizcd material should be used. 



506 


Hydrogen Electrode Potentials 


Colorimetric checks upon the consistency of any particular 
set of these mixtures may be made by comparing “5.8” and 
“6.2” phthalate with “5.8” and “-6.2” phosphate, using dipropyi 
red (28) and dibromoth 3 TnoIsulfonephthalein (28) as the indi- 
cators, and by comparing “7.8” and “S.O” phosphate with “7.8” 
and “8.0” borate, using phenolsulfonephthalein (28) and a-naph- 
tholphthalein as the indicators. The ratio of the hydrochloric 
to sodium h 3 "dro.\'ide is susceptible to accurate determination, 
and one of the substances used in these mixtures, name!}", acid 
potassium phthalate, is eminentl 3 '’ adapted to the standardiza- 
tion of the sodium h 3 '’droxide solution. 

The system of mixtures here described is not so complete as 
the admirable Sorensen mixtures, but just as Palitzsch found it 
best to alter the borate mixtures to make their preparation possi- 
ble on long ship voyages, so we believe the system here outlined 
will appeal to the peculiar needs of the bacteriologist if it does 
not find a more general acceptance. 


Acid Potassium Phthalate as a Standard. 


In routine h 3 "drogen electrode measurements some solution with 
well defined hydrogen ion concentration is generall}’' chosen to 
standardize the particular S 3 ''Stem used as well as to check the 
accuracy or stability of the particular calomel electrode used. 
Any one of the buffer mixtures whose h 3 'drogen ion concentration 
is well defined may be so employed. Thus Sorensen uses a citric 
acid-sodium citrate mixture and Michaelis has recommended t le 
“standard acetate mixture” wliich Walpole has carefull}' stu ici^ 
Others have used h 3 ’^drochloric acid solutions. The clifficu tico 
attending the use of hydrochloric acid have been mentionc ) 
others, especiall 3 '- Michaelis, and have been touched upon in is 
paper. The “standard citrate” and “standard acetate sou 
fcions must be constructed by adjustment of their componcn i 
and the standard acetate solution, though excellent m son 


respects, loses acetic acid easily. conic- 

Acid potassium phthalate, on the other hand, possesses 
what unique combination of properties which makes its ^ „ 

an excellent standard. Examination of the 
of phthalic acid (Fig. 2) will show at a glance that the •' 
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second dissociation constants are so close that the second hydro- 
gen begins to dissociate l^efore the first is neutralized. In other 
words, when the mono alkali salt is formed, the solution still 
retains a marked “buffer effect.” A solution, therefore, of the 
crystalline salt, unlike solutions of practically all the salts of 



Fig. 2. Titration curve of o-phthalic acid at 30°. 150 cc. m/30 phthalic 
acid X cc. 0.2 m NaOH. Diluted to 200 cc. 

monobasic and the majority of polybasic acids, possesses a stable 
hydrogen ion concentration. This happens also to be sufficientlj’^ 
high to prevent atmospheric carbon dioxide from having much 
effect. When it is recalled that acid potassium phthalate can be 
prepared with high purity, can be easily recrystallized, and has 
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no water of crystallization, it would seem to be ideal for the 
standardization of a hr^drogen electrode-calomel electrode system. 
Its apparent diffusion potential against saturated KCl, estimated 
by the Bjerriun extrapolation method, is somewhat higher than 
that of “standard acetate,” but not seriously high. We have 
observed no sign of any reduction bj' the electrode such as occurs 
with sodium amalgam in very alkahne solutions. Unlike the 
acetic acid in “standard acetate” the phthalic acid is not volatile 
and therefore does not require the hydrogen to be bubbled through 
an elaborate train of the solution. Certainlj’- for routine uork 
it will be simpler to use a solution whose ratio of acid to base is 
determined bv'^ the crj'stals rather than b\' artful adjustment. 

The comparison of phthalate solutions, “standard acetate,” 
and other mlxtm-es which are particularly suited to hydrogen 
electrode measurements can furnish us with reliable fixed points 
such as those used in thermometry. So long as relative values 
onlj' are needed, these points would suflSce to subdivide a scale 
which would be extremely useful. Such a scale might be made 
totally independent of the potential of anv' secondary' standard 
such as the calomel electrode, it need have no concerh with any 
conception regarding the percentage dissociation of hydrochloric 
acid, and it could, if necessary, justify itself without leaning at 


any point upon conductivify measurements. 

On the other hand, the necessity for correlating the data o 
different experunental methods makes it advisable to fix the 
position of the scale bv' standardization with a solution which is 
experimentally susceptible to a fundamental evaluation of its 
hydrogen ion concentration b 5 ' methods not involving hydrogen 
electrode potentials. In manj' respects hj’drochloric acid so u 
tions are well suited for this, and our scale of hydrogen ion con 
centra tions will doubtless continue for some time to have i- 
position fixed bj^ measui'ements with h 3 'drochloric acid. 

Wlien opportunitj' can be found, we hope to make a care 
comparison of phthalate, hj’^drochloric acid, “standard aceta 
and other standard solutions. Therefore, we are not W®'™ 
our value for the potential of a 0.05 ji acid potassium p d la 
solution at 20°, which will be found in Tables III and 
final value. It is, however, probably accurate enough or . 


routine uses. 
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SUMMARY. 

The hj'drogen electrode potentials of the following mixtures 
have been studied at 20°C. 

.-Void potassium phthalatc — hydrochloric acid. 

“ “ “ — sodium hydroxide. 

“ “ phosphate— “ 

Boric acid -j- KCl — “ “ 

’ Boric acid — “ “ ■ 

.A.t 25°C. potassium chloride — Ip-drochloric acid. 

"In all cases the concentration of the first component was main- 
tained at 0.05 M. 

The evaluation of the 0.1 n KCl calomel electrode in terms of 
the “normal hydrogen electrode” is discussed. 

It is suggested that a temperature correction should be included 
in the barometric correction of hydrogen electrode potentials. 
The application of this together with a consideration of several 
theoretical and experimental difficulties leads to the conclusion 
that in biochemical work the 0.1 x KCl calomel electrode should 
be given the provisional and somewhat arbitrary value 0.3385 
between 18 and 30°C. when referred to the potential of the 
“normal hydrogen electrode.” 

By applying the full barometric correction and the above value 
of the 0.1 N calomel electrode the P„ values of the various mix- 
tures were calculated, and the compositions given which furnish 
mixtures differing b}^ intervals of 0.2 P„ for use as comparison 
solutions in the colorimetric determination of hydrogen ion 
concentrations. 

It is shown that the system of “buffer” mixtures described is 
somewhat more simple to prepare and easier to standardize than 
the systems in common use. 

Acid potassium phthalate solutions possess properties which 
make them comparable with or better than “standard acetate and 
similar solutions for standardizing hydrogen electrode s 3 'stems. 
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THE CONJUGATED SULFURIC ACID OF THE MUCIN 
OF PIG’S STOMACH (MUCOITIN • 

SULFURIC ACID). 

FIRST PAPER. 

By P. a. LE^TSNE and J. lOPEZ-SUAREZ. 

{From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, Juno 1, 1916.) 

It has been demonstrated in recent 3'ears that a conjugated 
sulfuric acid combined with protein is widelj’ distributed in 
animal tissues and that it is present even in leukocjdes. The 
question of the identit}-^ or non-identity of the conjugated sul- 
furic acids of different origin could not be answered so long as 
there existed no detailed knowledge of the structure of any one 
substance of this group. 

The work of Levene and La Forge' has furnished considerable 
information regarding the structure of the acid derived from 
cartilage, the chondroitin sulfuric acid discovered bj' Morner- 
and first studied by Schmiedeberg.’ 

The analysis of the conjugated sulfuric acid derived from tendo- 
mucoid followed, and revealed the identity of this substance 
with the original chondroitin sulfuric acid. Hence chondromucoid 
and tendomucoid can differ only bj'- the nature of their protein 
components, if they possess anj’- point of difference at all. 

Very little is known about the relationship of mucoids to true 
mucin. First mention of the presence of a conjugated sulfuric 
acid in the molecule of true mucin was made bj" Levene,^ and 
in recent j’^ears much work on this subject was done in Hof- 
meister’s laboratory. L6pez-Sudrez® has isolated a conjugated 

* Levene, P. A., and La Forge, F. B., J. Biol. Chem., 1914, xviii, 237. 

^ Morner, C. T., Skand. Arch. Physiol., 1SS9, i, 210. 

“ Schmiedeberg, O., Arch. exp. Path. w. Pharm., 1S91, xxviii, 358. 

* Levene, P. A., Biochem. Z., 1909, xvi, 246. 

® Ldpez-Sudrez, J., Biochem. Z., 1913, Ivi, 167. 
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sulfuric acid from the mucin occurring in pig’s stomach, and 
Alzona,*’ emplojdng Levene’s picric acid method, isolated the 
same substance from the mucous membrane of the stomach, the 
intestines, the prostate, the bladder, and from the th3Toid. 

The present work deals with the conjugated sulfuric acid 
obtained from the mucin occurring in the pig’s stomach. The 
substance was prepared b3’’ the same process as described b3' 
Levene and La Forge for tendomucin. 

In this phase the substance contained besides sulfuric also 
phosphoric acid. For further purification use was made of a 
process previousl3^ described b3' Levene; namel3'', the crude conju- 
gated sulfuric acid was separated from the nucleic acids as a 
water-soluble barium salt. However, the nucleic acid was re- 
moved onl3' after many repeated precipitations. The final prod- 
uct contained practically no phosphorus at all, but it apparenth' 
was partiall3'^ h3'-drolyzed by the continued treatment with barium 
hydroxide. In its carbon : nitrogen ratio the substance came 
nearer to the original chondroitin sulfuric acid than the samples 
analyzed in Hofmeister's laboratory. 



Calculated 

for 

C?sHiiN?S O.jBa;. 

Found for substances obtained by 

LevcneJ 

Levene and 
La Forge.* 

Levene and 
Ldper'-Suirea. 

IZp«-Sui-«,' 
5n Hofmeis tor* 
hboratooL 

c 

27 80 

27.29 

25.13 

36.03 

43.29 

H 

3 48 

3.64 

3.88 

5.32 

0.4/ 

N 

2.32 

2.58 

2.11 

2.89 

5.37 

S 

5.30 

4 85 

4.26 

1.85 

4.29 

Ba .. 

22 70 

21.90 

18.35 

14.38 



The substance gave a positive test with orcin in infensi ' 
resembling that of chondroitin sulfuric acid. On distillation w J 
h 3 '^drochIoric acid the presence of fui’furol was demonstrate 
the aniline acetate test. _ . , 

Efforts are being made to obtain the substance in a purcr^^ u 
The results will be communicated in a subsequent repo , 


\A!zona, F., Biochem. Z., 1914, l.\wi, 40S. 

’tevene, P. A., and Jacobs, W. A., J, Exp- Med., 190S, -t 
Z., p)09, -Kvi, 24S. ... 

» Levene and La Forge, J. Biol. Chem., 1914, .win, 24 . 
® L6pez-Sudrez, Biochem. Z.j 1913^ Ivi, 170. 
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present one deals with the nature of the nitrogenous component 
of the new conjugated acid. 

The nitrogen-containing component was recognized as d-glucos- 
amine. It was identified by the solubility of its hydrochloride, 
by the character and magnitude of its optical rotation, by the 
properties of its osazone, and finally bj' the conversion into 
chitonic acid. 

This finding establishes the first chemical point of distinction 
between- true mucin and mucoid. It is in harmony with the 
experience of F. IMuller,*® who obtained glucosamine on hydrol- 
j^sis of sahvary mucin. 

Further work on mucoitin sulfuric acid (as we propose to name 
this substance) is now in pi’ogress. A surve}’^ of other mucins and 
mucoids is also contemplated. 

EXPERIMENTAL PART. 

Preparation of the Crude Conjugated Sidfuric Acid . — The mueous 
content of fresh pig’s stomachs was dissolved in a 3 per cent 
solution of sodium hydroxide and allowed to stand for 48 hours. 
The solution was then rendered slightly acid by means of acetic 
acid, an excess of barium carbonate was added, and the mix- 
ture placed on the water bath, where it remained until the liquid 
acquired a very clear appearance. The precipitate was then 
removed by centrifugalization. Further treatment differed in 
individual experiments. In some the conjugated sulfuric acid 
was precipitated by means of glacial acetic acid, in others by 
means of lead acetate. The lead salts were converted into the 
free substance in the following manner. The salt was suspended 
in about ten parts of water, excess of barium carbonate added, 
and hydrogen sulfide passed through the solution. During this 
process the mixture was agitated bj"- means of a mechanical stirrer, 
and the solution was kept at about 95°C. The filtrate from 
lead sulfide was concentrated under diminished pressure to about 
one-fourth of the original volume. To tliis solution an equal 
volume of 95 per cent alcohol was added, and in this manner the 
crude barium salt was obtained. The substance precipitated by 
means of glacial acetic acid was dissolved in water and precipi- 

^ Muller, F., Z. Biol., 1901, xlii, 468. 
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tated by an equal volume of alcohol. The precipitale thu^ 
formed differed very little from the crude material obtained by 
the lead process. 

Purification of the Crude Material. — The crude material con- 
tained impurities consisting principally of nucleic acid. In order 
to remove this the crude substance was dissolved in water, an 
excess of barium hy^droxide solution was added, and the excess 
of barium hydroxide removed by a stream of carbonic acid gas. 
The barirun salt of nucleic • acid and barium carbonate were 
removed by centrifugalizafcion. To the clear filtrate an equal 
volume of alcohol was added. The precipitate was redissoived, 
the solution again reprecipitated, and this was continued until 
the final precipitate gave an absolntely clear solution. About 
80 per cent of the crude material is lost in the process of purifica- 
tion. For analysis the substances were dried under diminished 
pressure at the temperature of water vapor. 


Sample I. 

0.136S gm. substance (Kjeldahl) neutralized 3.45 cc. 0.1 n HCl. 
0.1524 “ “ gave 0.0200 gm. BaSOi (S determination). 

0.1539 “ “ “ 0.0562 “ “ (Ba " )■ 

Sample II. 

0,0996 gm. substance gave 0.1318 gm. CO 2 and 0.0474 gm. HiO. 
A.0952 “ “ (Kjeldabl) neutralized 1.97 cc. 0.1 N HCi. 

/r 0.0865 “ “ gave 0.0118 gm, BaSOi (S determination). 

f- 0.0908 " “ “ 0.0222 “ “ (Ba “ )• 

Calculated for Found: 

C2sH<,N2S20s9Ba:: I. ”■ 

C 27.S0 36.0S 

H 3.48 

N 2.32 3. S3 2. 89 

S 5.30 1-80 

Ba 22.70 21.49 14-3S 


j Hydrolysis of the Conjugated Sulfuric Acid. — 20 gm. of the par 
|ially purified substance, taken up with 100 cc. of 20 per cen 
lydrochloric acid and 4.0 gm. of stannous chloride, were lea e^ 
qith a return condenser over flame for 7i hours. The so u 10 
as diluted with an equal volume of wmter, hydrogen su 1 
issed through the feolution, and the filtrate concentrate 
minisbed pressure (approximately 15 mm.) nearly to ' 

^ crystalline sediment formed in the flask. This was ran. 
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to a beaker liy means of meth}'’! alcohol. The substance was 
recrystallized out of dilute methyl alcohol. Unhke chondrosamine 
hydrochloride, the substance was insoluble in meth 3 d alcohol, 
and ciystallized in plates resembling those of glucosamine h 3 "dro- 
chloride. The substance did not melt. It reduced Fehling’s 
solution, and formed a glucosazone. For anal 3 'sis it was dried 
in a vacumn desiccator. 


0.0200 gm. substance in the Van Sb'ke amino apparatus gave 2.38 cc. N 
at 25° and 757 mm. 

0.1500 gm. substance by the Volhard method required 6.86 cc. 0.1 N 
AgNOj. 

Caclulated for 
CtH.iOjNUCI: Found: 


N 6.51 6.57 

Cl 16.45 16.23 


The substance had the following rotation; 

Initial: Equilibrium: 

r + 4 j0°x 2.18 62 ^ =+70.63° 

^ 0.5 X 0.2008 X 1.039 I- 0.5 X 0.2008 X 1.039 


Oxidation of the Hexosamine . — 6 gm. of the sugar were dissolved 
in 25 cc. of water, 6.0 gm. of silver nitrite added, allowed to 
stand 6 hours, then another portion of 3.0 gm. of silver nitrite 
and the equivalent quantity of a 10 per cent h 3 'drochloric acid so- 
lution were added. The mixture was allowed to stand over night. 
The solution then contained 0.0027 gm. of amino nitrogen. The 
excess of silver was removed by means of h 3 'drogen sulfide. To 
the solution 15.0 gm. of bromine were added and allowed to stand 
48 hours. The calcium salt of chitonic acid was then prepared 
in the usual way. 

For analysis the calcium salt was dried in a vacuum desiccator 
at the temperature of water vapor. 

0.0994 gm. substance gave 0.1212 gm. CO2, 0.0472 gm. H 2 O, and 0.0134 
gm. CaO. 

Calculated for 

(CiHs06)Ca+2H20: Found: 


C 33.47 33.25 

H 5.11 5.27 

CaO 13.07 13.59. 
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The optical rotation of the substance: 


[a] 


20 

D 


+ 1.63° X 2.149 
1 X l.COO X 1.010 


= +34.67° 


Fischer^* gives for the same substance [«]*o = + 32.8°. 


Fischer, E., and Tiemann, F.,'Ber. cliem. Ges., 1S94, x.vvii, 138. 



CEPHALIN, IV.* 

PHENYL- AND NAPHTHYLTJREIDOCEPHALIN. 

By P. a. LEVENE and C. J. WEST. 

{From the Laboratories of The Rockefeller Inslilule for Medical Research.) 

(Received for publication, June 1, 1916.) 

In a previous communication ve pointed out the discrepancy 
existing between the empirical analytical data of cephalin and 
the figures required by the theorjq based on the assiunption that 
the molecule contains only those components which have been 
identified on hydrolysis of the substance. 


c H N p 

Required 66.17 10,57 1.88 4.17 

Found 60,00 9,38 l-,68 4,27 


At the time of that publication we were hopeful of obtaining 
convincing evidence as to the composition of cephalin by the 
conversion of the phosphatide into its tetrahydro derivative. 
However, little progress was made by that method. Various 
catalysts were prepared and found efficient for the reduction of 
unsaturated aliphatic compounds. Their efiiciencj^ was invari- 
ably disappointing when applied to the reduction of cephalin. 
Either the phosphatide itself or some impuritj’- adhering to it 
acted as a catalytic poison, and after a brief interval of absorption 
of hj'^drogen the reaction stopped. Hence we were forced for the 
time to abandon the hope of preparing a satisfactory suppl3^ of 
the tetrahydro derivative. 

At the same time it was attempted to approach the solution 
of the original problem from another angle. It has been conclu- 
sively demonstrated that cephalin contains a free amino group. 
A -priori there is nothing to prevent this group from entering into 
the reactions characteristic of it. Hence cephalin, in a wa3^ 

* Levene, P. A., and West, C. J., J . Biol. Chem., 1913-14, xvi, 419; 1916, 
xxiv, 41, 111. 
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THE UTILIZATION OF SUCROSE AND THE INVERTING 
POWER OF THE BLOOD SERUM AFTER PAREN- 
TERAL ADMINISTRATION OF SUCROSE. 

By SHIGENOBU KURIYAMA. 

(From (he Sheffield Laboratory of Physiological Cheiyiislry, Yale University, 

New Haven.) 

(Received for publication, May 20, 1916.) 

It has been assumed that sucrose, which can be easily inverted in the 
alimentary tract, is eliminated quantitatively in the urine, when it is 
introduced into the animal body’ parenterally. According to the recent 
reports of Mendel and Mitchell (1905), Heilner, Mendel and Kleiner, and 
Hogan, the amount of sucrose recovered in the urine is less than that 
injected. Mendel and Kleiner concluded that, when sucrose was intro- 
duced parenterally into dogs and cats in doses of 1 or 2 gm. per kilo of body 
weight, the quantity excreted usually amounted to more than 65 per cent 
of that introduced. The results of other investigations are not far from 
this. Mendel and Kleiner, and Hogan were unable to cause any better 
utilization of sucrose by repeated injections. The fate of the part which 
cannot be recovered has not been determined. Jappelli suggested that 
part of the sucrose might bo eliminated into the alimentary tract, and then 
be utilized, as is customary after oral administration. Reducing sugar is 
sometimes found in the urine, if the amount of sucrose injected is not too 
small, indicating that some of the sucrose injected is inverted somewhere 
in the animal body. 

It is generally believed that in the animal body invertin can be found 
only in the raucous membrane of the intestine. Weinland claimed that 
repeated subcutaneous injections of sucrose cause an invertin to appear 
in the serum of puppies. He found, moreover, that the power to utilize 
sucrose increased with repeated injections. In his experiments, quanti- 
tative measurements were not attempted. Weinland explained his results 
by assuming that the invertin, which was found in the serum and caused 
the better utilization of injected sucrose, came from the intestine. Abder- 
halden and Brahm also believed that they could induce a production of 
invertin in the serum of dogs. This W'as considered to be an example of 
protective enzy^mes, which appear, according to Abderhalden, in serum, 
after introduction of substances normally foreign to the circulation. Their 
results were not constant. Subsequently, Abderhalden and Kapfberger 
stated that when the amount of sucrose injected was smaller, the results 
became constant. A single injection of 5 to 10 co. of 10 per cent sucrose 
solution subcutaneously, or 2 cc. of 5 to 10 per cent solution intravenously 
was followed by the appearance of invertin in the serum in a short time — 
sometimes as soon as 15 minutes. The inverting power of the serum 
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remained for 14 days after the first injection. When this sucrose dis- 
appeared, a second injection caused the reappearance of the enzjTnc for 
another 14 days. Serum which had this inverting power could also change 
lactose, but not raffinose (experiments with dogs). 

Upon the basis of the investigation of sucrose elimination and respira- 
tory e.xchange after subcutaneous injection of this sugar, Heilner stated 
that part of the sucrose injected was oxidized in the animal body, assum- 
ing that it was first hydrolj'zed by the invertin which was stated by others 
to appear. Pincussohn and Krause also tried to call forth invertin in the 
blood by injection of sucrose. In seventeen e.xperiments with ‘dogs and 
rabbits a positive result was found only once. 

Kumagai did not succeed by Abderhalden’s method; but after repeated 
injections of a much larger amount of sucrose, he found invertin constantly 
in the serum. His results seemed far more conclusive than those of Abder- 
halden and his collaborators. He stated that sucrose had the properties 
of an antigen and animals could be actively or passively immunized against 
it. Furthermore, serum which was active to sucrose could act upon the 
cleavage products and other kinds of sugar, such as milk sugar and galac- 
tose. Dextrose was reported transformed to levulose and from the one or 
the other of those simple sugars a disaccharide was synthesized. Rohmann 
and Kumagai believed that the product was lactose. Abderhalden and 
Wildermuth tried to confirm Kumagai’s findings with rabbits. Serum 
which was active to sucrose was never active to any other kind of sugar. 
In Abderhalden’s earlier experiments with dogs, such serum^ was also 
active towards lactose, but later it was reported to be negative in the case 
of rabbits. Inactivation and activation procedures were also negatne. 
Abderhalden and W’ildermuth confirmed the observation that a singe 
injection of a very small amount of sucrose was enough to call fort in 
vertin in serum. Abderhalden and Grigorescu, also working wiA 0S®> 
obtained less constant results. These investigators ascribed suoh incon 
stancy to the variability in the occurrence of sucrase in the intestma ce • 
The e.\'treme rapidity of elimination of sucrose in some animals n 
believed to account for the failure to pro\’oke appearance of ' 
enzyme in the blood. Abderhalden imagined that invertin in t e 
has its origin in the intestine, because an animal in which the 
first negative gave positive results in its action on sucrose after ec 
this sugar. , 

Hogan also injected sucrose and lactose into dogs, but did no^^^ 
in finding the corresponding inverting enzyme in the serum. u 
hand, Lombroso accepts the appearance of invertin in 
Rohmann, in whose laboratory Kumagai had worked, rc^a e 
experiments, but the results w'ere far less constant. He saj 
uncertainty which exists in the results of Abderhalden an i 
tors is also seen in his and Kumagai’s results. 


The question naturallj’- arises whether, .if an Ltenier- 

is actually introduced into the blood, the ° Ugd that 

ally injected sugar will be improved. La Franca r p 



Shigenoljii Kuriyama 


523 


when invertin is injected into the animal body before sucrose in- 
jection, the utilization of the latter is improved. This is interest- 
ing, when we compare the reports which insist on the appearance 
of sucrase with those which state that it is impossible to cause any 
better utilization of sucrose bj' repeated injection of this sugar. 

It is conceivable that blood constituents may interfere Avith the 
action of inverting enzjunes. Both Hildebrandt and Kumagai 
state that serum has no power to alter the activity of invertin. 
This is not in accord with the statements of Eriksson, and Griffin 
and Nelson. 

In view of the numerous conflicting views reported above, I 
have, at the suggestion of Professor Lafayette B. Mendel, under- 
taken further investigations of some of the controverted problems. 

The plan of the experiments included a reinvestigation of the 
extent of utilization of sucrose introduced parenterally, under a 
variety of conditions. In some cases large or small amounts of 
sugar were frequently injected to learn whether adaptation oc- 
curred or invertin was developed in the blood. In other cases 
active invertin was actually introduced into the blood stream to 
ascertain whether the enzyme would circulate so as to promote 
the utilization of sucrose in any way. The enzjmatic activity 
of the blood serum of the experimental animals was repeatedl5’^ 
investigated. 

The Utilization of Sucrose after Parenteral Injection. 

Sucrose was repeatedl}" administered parenterally in adult 
dogs. They were kept in metabolism cages, the urine being col- 
lected in bottles containing toluene. The diet consisted of meat, 
bread, and salt. To prevent contamination of the urine with 
feces, bone meal (about 10 gm. a day) was mixed with the food. 
Water was given freely. The body weight of the dogs was nearly 
constant or decreased only a little dming the experiments. The 
injections were made subcutaneously, intraperitoneally, or intra- 
venously. For intravenous injection local anesthesia with 
cocaine was usually used, general anesthesia with ether being 
required only once (Dog B, Feb. 2). 

The strength of the injected sugar solutions, estimated by the 
polariscope, was 10 per cent. Usually 50 cc. were given at one 
time. During March 15 to 29, 40 to 50 cc. of 40 per cent solu- 
tion were employed for the injections in Dogs B and D. 
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The determination of sucrose in the urine was made bj- the po- 
lariscope with readings in Ventzke degrees, mercuric acetate being 
used to remove the coloring matters and levorotatory substances 
in the normal urine. 15 cc. of the saturated solution of merciuic 
acetate for 30 cc. of the urine were enough to gain practically the 
zero reading at the usual urine concentration. A known amount 
of sucrose added to the normal urine could be quantitatively de- 
termined b 3 '- tliis method. At first both mercuric acetate and 
phosphotungstic acid were used successively, as Neuberg and 
Ishida suggested for removing protein cleavage products. After- 
wards, mercuric acetate alone was found to be satisfactory, if 
the amount added was not too small and the mixture was not 
filtered too soon. Benedict’s test was used for reducing sugar, 


Heller’s test for protein. 

Five invertin preparations were employed. Invertin Solu- 
tions I to IV were prepared from compressed yeast, but Invertin 
V was made from brewer’s yeast. Following Hudson (1914)/ 
yeast was washed and mLxed with water and toluene in the pro- 
portion of 1 gm. yeast: 1 cc. water: 0.06 cc. toluene. It "'as 
allowed to autol 5 ’'ze 10 to 14 days. Protein was removed by neu- 
tral lead acetate and the excess of lead was reraoved by hydrogen 


sulfide. The filtrate was dialyzed for 2 day.*.. The invertin so- 
lution was preserved with chlorofom. Thr solution was clear, 
slightl 5 '’ yellow, and neutral in reaction. Only a veo' 
turbidity, if any, occmTed on heating or adding nitric acid. ® 
solution had no reducing power, but a A'eiy strong inverting one. 
The activity was tested before each trial. In addition, quan i 
tative tests were made wdth each preparation. To 10 cc. o 
crose solution 1 to 2 cc. of invertin solution were added, n " 
few experiments the effect of addition of acid or alkali ^to 
mixture wms tested. The samples w'ere kept at 37-10 • 

5 to 20 minutes. Dilute ammonia was then added to stop 
action of the invertin and complete the raultirotation o 
invert sugar (Hudson, 1909). The optical rotation { 
scale) and the reducing power (Benedict’s test) were t en a 
tained. The results of the tests of the invertin prepara lO 


summarized in Table I. ... ,.q„ of 

Table II exhibits the numerous data on the u i 
sucrose in dogs after repeated injections of 
or withVnrultaneous or previous injections of actne m 



tabu: I. 


Activity of the Imertin Preparations. 


In\Tr- 

tm. 

Date. 

Sucroso 

In\crtin 

Ucaction 

Time in 
ther- 
mostat 

Rotation 

Reduc- 

tion. 

I. 

Jan. 20 

cc. 

25 

prr 

cfnt 

10 

it 

cc 

1 

1 

(Boiled.) 

Neutral. 

it 

min. 

5 

5 

v°. 

+29 90 
+36 S3 

+++ 

II. 

Jan. 29 


10 

2 

Neutral. 

5 

+30 85 

+++ 



(( 

a 

2 

it 

10 


+++ 




it 

2 

it 

10 

+35 25 

— 





(Boiled.) 






Feb. 10 

m 

10 

2 

it 

EH 

+26 95 

+++ 



it 

it 

2 

ft 

if 

+35.15 

— 





(Boiled.) 







ft 

it 

0 

ft 

20 

+35 10 

— 





(2 cc. 









water.) 





III. 

Feb. 7 

25 

10 

2 

Neutral. 

5 

+29 95 

+++ 



(( 

it 

2 

it 

. 5 


— 





(Boiled.) 






" 7 

25 

0 5 

1 

tt 

5 

+1 65 

+++ 



t< 

it 

1 

Acid.* 

5 

+1 38 

+++ 



« 

a 

1 

Alkaline, t 

5 

+1 86 

— 



tt 

it 

1 

Neutral. 

5 

+ 1 90 

“ 





(Boiled.) 






“ 7 

25 

0 5 

1 

it 

20 

+1 13 

+++ 



(( 

it 

1 

Acid.* 

20 


+++ 



(( 

it 

1 

Alkaline, t 

20 

+ 1 89 

— 



f< 

it 

1 

Neutral. 

20 


— 





(Boiled.) 





IV. 

Feb. 21 

25 

0 5 

1 

Neutral. 

10 

BSE] 

+++ 



t( 

it 

1 

(( 

10 

BSE 

— 





(Boiled.) 





D 

Apr. 14 

25 


1 

Neutral. 

5 

Em 

+++ 



U 

it 

1 

Acid.* 

5 

BQI 

+++ 

■ 


i( 

it 

1 

Neutral. 

5 

+1 85 

— 

■ 




(Boiled.) 






“ 14 

25 

0 5 

1 

U 

20 


H — 1- + 

H 


t( 

a 

1 

Acid.* 

20 

Hsig 

++ + 

■ 


U 

a 

1 

Neutral. 

20 

+1 83 

— 

■ 




(Boiled.) 






* Dilute acetic acid was added, 
t Dilute ammonia was added. 
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Injection of Sucrose Alone. 

A r(5suin6 of the essential features -R-ith respect to the repeti- 
tion of the sugar injections and their effect on the utilization is 
given in Tables III and IV. 


TABLE m. 


Data Regarding Injections of Sucrose and Imerltn 


Dog 

1 

Duration 

Injection of sucrose alone 

Injection of £ucro?e and 
invertin 

of expenment i 

Sucrose per kg 
bodi weight 

Xo of 
injections 

Sucrose per kg 
bodj vreight 

Xo 0* 
jnjectiocr 


dayt 

cm 


ym. 


A i 

6 

0 4 

2 1 

0 4 

I 

B i 

70 

0 4 

9 

0 4 

8 

1 


1 5 

S 



1 

c i 

15 

0 9 

3 

0 9 

4 

D 

67 

0 7 

5 

0 7 

3 



2 1 

4 



1 


2 4 

4 



E 

HH 

0 4 

i * 


______ 


TABLE n . 


Recoiery of Sucrose (in Urine) after Repealed Injections {Sucrose 

Injected). 


O 

w 

Maximum 

Minimum 

Average 

After firet in- 
jectloa 

.4ftcrU!ti=' 

A 

B 

c 

D 

E 

per cent 

SI 4 

53 8 

74 4 

88 4 

75 8 

p<r cent 

so 9 

61 2 

71 4 

72 5 

64 4 

per cent 

81.2 

72.9 

72.7 

SI 8 

70.1 

per tent 

so 9 

IZ.I 

71 4 

78 0 

61 4 

rtr «'■! 

SJ 4 

S’ 4 

7-^ 4 

SS 2 

75 S 


-■Average of 21 injections — 75 5 per cent. 
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The tables sliow clearly that the parenteral utilization of 
sucrose was not iniprovecl bj' the repeated injections. This 
agrees with the reports of Mendel and Kleiner, and Hogan. Elimi- 
nation of sucrose usuall}’ ends within 24 hours after the injection. 
The same degree of utilization of sucrose occurred after the dif- 
ferent paths — intraperitoneal, intravenous, or subcutaneous — of 
administration. There was no evidence of interference with the 
normal renal function. Usually the volume of the urine was un- 
diminished and protein did not appear. When the amount of 
sugar injected was 0.4 to 0.9 gm. per kilo of bodj- weight, more 
than a trace of reducing substance was never found. With larger 
amounts of sugar (1.5 to 2.4 gm. per Idlo of bodj’^- weight) a 
detectable amount of reducing sugar was sometimes found in 
the urine. The general condition of the dogs was not affected 
after sugar injections, except for a slight transitory fever after 
two or three of the injections. 

Injection of invertin and Sucrose. 

Invertin and sucrose were injected in succession, in sixteen ex- 
periments, as shown b}" the protocols recorded in Table II. A 
better utilization of sucrose, particularlj' after intravenous injec- 
tions, was gained as follows: 


Doe. 

Invertin injected. 

Sugar recovered. 


cc. 

per cent 

B 

100 (IV) 

41.8 

C 

45 (III) 

30 5 

C 

45 (III) 

33.7 

D 

45 (III) 

23.1 


A large amount of invertin was required to produce note- 
worthy effects. When 40.5 cc. (HI) to 45.0 cc. (IV) of invertin 
were injected in Dog B, 63 to 66 per cent of sucrose was recov- 
ered. These values are scarcely lower than that sometimes ob- 
tained without the invertin injection. When invertin and su- 
crose were administered by different paths — i.e., one intrave- 
nously, the other intraperitoneally — the utilization was only a 
little better than in the control without invertin, or else no 
difference at all was seen. 
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The protocols in general indicate that the enzjTne of yeast is 
able to invert sucrose in the ch-culation. To produce such a 
result the enzjnae and its substrate must, however, be brought 
together in the organism. Tor this reason, the utih'zation is 
improved when the enzjnne is introduced directly and almost 
simultaneous^' into the circulation with the sugar; but after sub- 
cutaneous administration of invertin, whereby it reaches the 
rapidly circulating sugar slowly, if at all, little advantage is 
noted. Even when an improved utilization was noted, reducing 
sugar was not found in the urine. La Franca reported much 
better utiUzation than wms found in my experiments. In his 
paper there is no description of the activity of the invertin he 
used. 

On the 3rd da 3 ' after the intravenous injection of invertin the 
utilization of sucrose was the same as before the injection of the 
invertin. (Dog C, 33.7 per cent on Feb. 9, but 72.3 per cent on 
Feb. 11; Dog D, 23.1 per cent on Feb. 9, but 82.1 per cent on 
Feb. 11.) This agrees with the result that the serum taken 20 
to 24 hours after the intravenous injection of invertin no longer 
shows an inverting power (compare Tables "^TII and IX). H 
ertdent, therefore, that the inverting power after injection o 
invertin is not long retained. 

Does the Blood Acquire Inverting Power after Parenteral Injection 

of Sucrose? 

Senun was examined bj' the polariscope, before and after 
incubating with sucrose. A 2.5 cm. tube was used vhen 
amoimt of serum was small; and a 2 dm. tube, when more 
was available. Blood was taken bj' venopuncture. After 
2 hom’s serum was separated bj' centrifugation. For t 
cm. tube 1 cc. senmi -f 1 cc. 10 per cent sucrose 

1 drop of toluene were used. This mixture, in 3 
pered tubes, was kept 40 to 48 hours at 37 - 40 °C. T e pr 
was removed bj' the colloidal iron method (1 cc. colloi a im 
0.1 gm. powdered NaiSO^) before the filtrate was examm 
the polariscope. For this series the final voliune n 

a dilutio^ of the serum to five times the origina . 
dm. tube.w cc. serum + 3 cc. 10 per cent sucrose . 
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+ 3 drops of toluene were kept iu the therniostat under the same 
conditions. Then 3 cc. colloidal iron, 0.3 gm. Na 2 S 04 , and 15 cc. 
water were added. The final volume was ten times that of the 
original serum. An attempt was also made to “activate” the 
invertin by making the solution neutral or very slightly acid, 
by addition of acetic acid of about 0.025 N and 0.013 n strength. 
In the tables, the different degrees of acidity are designated as 
“acid (stronger)” and “acid (weaker).” The procedure, when 
acid was added, was as follows; 1 cc. serum + 1 cc. 10 per cent 
sucrose + 1 cc. acid (weaker) + 1 cc. water + 1 drop of toluene 
(for the 2.5 cm. tube), or 3 cc. serum + 3 cc. 10 per cent sucrose 
+ 3 cc. acid (stronger) + 3 cc. water + 3 drops of toluene (for 
the 2 dm. tube). The reaction of the mi.\ture was neutral, or 
verj' slightb'' acid to htmus. As a control, the same mixture was 
examined at once without incubation. Wien 0.9 per cent NaCl 
was used instead of serum, sometimes a ver}" slight decrease of 
rotation and reducing substance were noted after incubating. 
Wien the same acid was added to serum, the change, which was 
due to the acid alone, never appeared. Rotations are expressed 
in degrees of the Ventzke scale. In numerous preliminary trials, 
it was shown that the removal of protein bj’- colloidal iron did not 
interfere with the determination of sucrose and its digestion 
products. The experimental error in these trials was not greater 
than 0.1°V. Reducing power was tested by Benedict’s method, 
and controlled by comparison with the normal serum which con- 
tains a small amount of dextrose. The test was made bj’- adding 
three or six drops (according as the dilution of the serum was five 
or ten times) to 5 cc. of the reagent. These proportions gave no' 
visible reduction with normal serum. The dogs used had served 
in the experiments recorded in Table II. The results are sum- 
marized in Table V. 

Five rabbits were also used. Sucrose was always injected in 40 
per cent solution. 

Rabbit A, used as a control without injection. 

Rabbit B, 2.3 kg. Sucrose was injected subcutaneously; viz., 4 gm. on 
Mar. 17, 6 gm. on Mar. 18, 20, and 22, 8 gm. on Mar. 25, 27, and 29, IG gm. 
on Apr. 2. 

Rabbit C, 2.6 kg. Sucrose was injected intraperitoneally ; viz., 6 gm. 
on Mar. 18, 20, and 22, 8 gm. on Mar. 25, 27, 29, and Apr. 2. 
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Rabbit D, 2.5 kg. Szicrose was injected intraperiloneally; viz., 4 gm. on 
Mar. 17, 6 gm. on Mar. IS, 20, and 22, S gm. on Mar. 25, 27, and 29. 

Rabbit E, 2.8 kg. Sucrose was injected intravenously; viz., 4 gm. on 
Mar. 17, 6 gm. on iMar. IS, 20, and 22, 8 gm. on IMar. 25, 27, 29, and -Apr. 2. 

Bread, corn, carrots, and cabbage were fed. The sucrose in- 
jection caused no noticeable disturbance. The urine sometimes 
contained a small amount of reducing sugar, but usualh’ none. 
The records are given in Table W. 

The records of Tables V and tT show that the serum had 
no power to decrease the rotation of serum-sucrose mixtures; i.c., 
to invert sucrose. The dogs here used were the same ones, in 
which invertin was injected. It is scarcely to be assumed that 
previous injection of 3 mast invertin prevented the appearance of 
a “protective” sucrase. 

Onlj' a few e.\'periments were made to see if the serum, which 
is taken after sucrose injection, has also the power to change 
dextrose into levulose and sjmthesize lactose from these. The 
method was the same as above mentioned (with the 2.5 cm. 
tube). 10 per cent dextrose solution and Seliwanoff's test were 
used instead of sucrose solution and Benedict’s test. The results 
were negative (see Table VII). 


TABUE YU. 

Action of Serum upon Dextrose. 


Animal. 

Date. 

Examined immediately. 

Examined after 

bating 40 to 4h 
at 37-10 0. 




Rotation. 

Selivranoff’s 

test. 

Rotation. 

te't- 

c 

! 

B 

Mar. 30 

-fO.63 


Ijli 

- 

G 

D 

“ 30 

-fO.63 

— 




B 

Mar. 31 

-i-0.63 

— 

+0.63 

1 — 



Apr. 2 

-fO.70 

— 

+0.60 



C 

“ 2 

-fO.70 

' 

+0.63 

— 


D 

Mar. 31 

-fO.63 

- 

+0.63 


i 

E 

Apr. 1 

-to. 65 


+0.63 
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Examwafion of ihc Blood Scrum and Urine for Inverlin after Injec- 
tion of Yeast Inverlin. 

Tho inverting powev of tlie sevum taken at various intervals 
after invertin injection was examined bj’- the method already 
described (2.5 cm. tubes). 

Urine was collected during 48 hours after the invertin injec- 
tions, and examined for invertin, as follows: 20 cc. mine 4- 10 
ec. 10 ])er cent sucrose -f- 1 cc. water -f- 3 drops of toluene were 
incubated 24 hours at 37-40°C. To 25 cc. of the mixture 10 
cc. of the mercuric acetate solution were added. The filtrate 
was then examined polariscopically. As a control, boiled urine 
or water was used instead of urine; and by adding 1 cc. of in- 
vertin instead of 1 cc. of water it was demonstrated that if in- 
vertin was present in the urine, it could be found by this method. 
All portions of the urine were acid, except the second sample 
from Dog D. In some experiments two drops of dilute acetic acid 
were added to increase the activity of invertin, if any was present. 
The results are given in Tables VIII and IX. 


TABLE viu. 

Dog. B. Mar. 10, 100 Cc. Invertin (IV) Were Injected into !■'. Fcmoralts 

Serum Tests. 


Scrum taken. 

1 

1 

Examined 

immediately. 

Examined after incubating 40 
hrs. at 37-40® C 

Serum 
+ sucrose. 

Serum 
+ sucrose 

0 9 percent 
NaCl 4* sucrose 

Alone 

+ Acid 
(strong- 
er) 

Alone 

+ Acid 
(strong- 
er). 

Alone 

+ Acid 
(strong- 
er) 

Just before injee- 

Rotation V" 

i+O 80 

4-0 78 

4-0 85 

4-0 79 



tion. 

Reduction 

— 

— 

— 

— 



10 minutes after 

Rotation V° 

+0 80 

4-0 79 ' 

4-0 56 

-0 28 

4-0 80 

4-0 75 

injection. 

Reduction 

— 

zi= 

4- 

-f 4-4- 


4- 

1 hour after injee- 

Rotation V° 

4-0 85 

4-0 83 

4-0 73 

-0 04' 



tion. 

Reduction 

i ~ 

— 





1 

20 hours after in- ' 

Rotation V° 

I 

4-0 81 

4-0 80 

4-0 80 

'4-0 81 

4-0 78 

4-0 70 

jection. * 

1 

Reduction 

i ~ 

— 


— 


4- 







Urine Tests. 



1 


TJrine -f Bucroso 


Walr 

Unne of 







sncroM 


\!one 

Atone 
(boiled 1 
unne). 

-f Acid ! 

_ 1 

-i- Acid 
(boiled 
unne) 

-fin. 
vertin ! 

1 

-l. JQ- 

vprtia 

(n) 

1st daj’. 

Rotation V" 

+8 55 

+8 48 

m 



-I SO 


Reduction ■ 

— 

— 


— 



2nd da\ 

Rotation V° 



+S 77 



-2 65 


Reduction 

” 

— 

__ 

— 

’f-r+j-fT" 


IX. 

Dog D Mar 6, 45 Cc Inicrlin {lY) Were Injected into F. Femoralis 

Serum Tests. 


'^orum taken 

j 

■Esammed 

immediately 

Cxanuned aftcrincubatin; 45 
hrs at 37-40* C 

1 

0 9 per 
cent 
NaCI 
-f 

sucro-^ 

alone 

Scrum 
+ sncxose 

0 9 per cent 
KnCl 4- 6«cror' 

Alone 

+ Acid 
(stroDS- 
er) 

AJone 

- Acid 
WrciiS 
er) 

10 minutes after 

Rotation V° 


-f-O so 





injection 

Reduction 


“ 

+ 

1 

+++ 



1 hour after injec- 

Rotation V® 







tion 

Reduction 

“ 

— 

1 -j- 

!+++ 



24 hours after in- 

Rotation V° 


-}-0 75 


+0 79 



jection 

Reduction 

— 

— 




— 




Urine + sucrose 

Mate' 

cro'e 

l,rjneof45hra i 

after injection 


Alone 

Alone 

(boded 

unne) 

4- Acid 

4- Acid 
(boiled 
unne) 

-t. In 
icrtm 

(n) 

— jfl 
■vTrt^ 

(IT) 

1 

Rotation V® 
Reduction 

1 

-f S SO 

+s so 

+8 SO 

• 

+S 80 

-fl 90 

-2 CO 

2* 

Rotation V° 
Reduction 



+8 73 

-fS 73 

+5 15 


\ 

1 

1 Rotation V° 
Reduction 

1 

-f-S 78 

-i-S 75 

+S 73 

■fS 75 

-0 70j 


* As \is portion was alkaline, 

two drops of acetic acid ‘ 

added ^ 
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These experimenls iiulicalc that the serum taken 10 minutes 
or 1 hour after the end of the invertin injection iiad an inverting 
power. When dilute acid was added, this power increased 
niarkedlj', but it was no longer present in the serum collected 
20 to 24 hours after injection. Invertin was not ehminated in 
the urine. 

The Effect of Scrum or Blood upon the Activity of Yeast or Intes- 
tinal Invertin (in Vitro). 

It is conceivable that blood ina 3 ' interfere in some wa}'^ with 
the demonstration of the presence of sucrase. Accordingly this 
problem was investigated. 10 cc. of defibrinated pig's blood 
(or as a control 0.9 per cent NaCl) + 2 cc. j^east invertin (IV) 
(as a control, boiled invertin or 0.9 per cent NaCl) + 5 cc. 10 
per cent sucrose were incubated 40 minutes at 37-40°C. 53 

cc. of distilled water, 30 cc. of colloidal iron, and 0.5 gm. of 
powdered Na 2 S 04 were added successively. To 30 cc. of the 
filtrate 1 cc. of colloidal iron was added again. After addition 
of dilute ammonia to 25 cc. of the filtrate the rotation and 
reducing power w'ere tested (2 dm. tubes). Invertin and sucrose 
were added either together or successively after an interval 
(see Table X). 

The results show that, though the invertin could act in de- 
fibrinated pig's blood, its efficiency was decreased markedly. 
When invertin and blood w^ere kept together a little while before 
the sucrose addition, the decrease of the activity of the invertin 
seemed to be larger. 

In another series (Table XI), the activity of j'east invertin (IV) 
added to normal dog serum was examined by the same method 
as that used in the investigation of the serum after sucrose or 
invertin injections (p. 534). The 2.5 cm. tubes were used. Two 
invertin solutions, diluted ten and twenty times, were prepared. 
In the table one is described as “invertin (stronger),” the other 
as “invertin (weaker).” The mixing was done as follows: 1 cc. 
serum + 1 cc. 10 per cent sucrose + 1 cc. acid (stronger) + 1 
cc. invertin (weaker) 4- 1 drop of toluene. For analysis imme- 
diately or after incubation 1 cc. of colloidal iron and 0.1 gm. of 
powdered Na 2 S 04 were added. 
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TABtE X. 


Activity of Invertin in Defibrinatcd Pig’s Blood. 



Blood 4- fiucrose. 

0.9 per cent 
NaCI 4- 
sucrose -f 
invertin 

{2 ccO. 

+ Invertin 
(2 cc.). 

4- Boiled 
invertin 
(2 cc.).‘ 

Alone. 

Rotation V° 
Reduction 

-0.05 

+++ 

+1.95 

“ 

-fl.9S 

-0.45 

+++ 


The addition of 
the invertin 
and sucrose was 
made at the 
same time. 


Blood + sucrose. 


0.9 per cent 
NaCI + sucrose. 


Alone. 


+ In- 
vertin 
(2 cc.). 


+ In- 
vertin 
(1 cc.). 


+ In- 
vertin 
t2cc.). 


+ In- 
vertin 

(1 CO.). 


The invertin was added 
and the mi.vture was 
kept IS minutes in the 
thermostat before the 


Rotation V° 
Reduction 


+1 93 


-t-O.SO 

+++ 


+1.30| 

+++ 


-0.48] 

+++ 


-}-0.0S| 

+++i 


sucrose addition. 




Blood + sucrose. | 


+ Invertin* 

41nvert'mt 

• 41nvert'jn} 


(2 CO.) . 

(2cc.). 

{2cc.). 

Rotation V” 

-i-0.50 

-f-0.25 

-fO.55 

Reduction 

+++ 

+++ 

+++ 


0.9 per cent 
NaCI+ suerwe 
invertin’ 
(2cc.). 


-0.45 

+++ 


* The invertin was first added. After keeping 15 minutes in the ther* 


mostat, the sucrose was added. 

t The invertin and sucrose were added at the same time. 

1 The invertin was first added. After keeping 1 liour in room tempera 
ture and IS minutes in the thermostat, the sucrose w'as added. 


To study further the effect of serum upon intestinal 
serum and intestinal extracts, prepared from the same dog ( 
by the method described by Mendel and Mitchell (1907), "ere 
tested together. The scrapings of the mucous membrane o >e 
whole intestine were extracted for 24 hours with doub c ^je>r 
volume of water. From this very slightly acid extract, 
tions, diluted three and six times respectively, were ma c 
“invertin (stronger)” and “invertin (weaker)." .jnct' 

The results in Table XI show that yeast and intestinal 
can invert sucrose in the presence of dog serum, alt oug i 
activity is decreased very much, compared with the con ro 
without serum. When dilute acid was added the g 

action increased markedl3^ In control experiments wi 

































TABLE XL 

AcltvtlT/ of Invcrlin in Dog Scrum. 
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Rotation V" 
Reduction 

Rotation V° 

1 Reduction 

Rotation V° 
Reduction 
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Reduction 

Rotation V° 
Reduction 

Rotation V° 
Reduction 

Noimal dog scium + su- 
crose. 

0 9 per cent NaCl 4- su- 
crose. 

1 

Serum of Dog D 4- su- 
crose. 

0 9 per cent NaCl 4- sn- 
crose. 

Serum of Dog D 4“ su- 
crose 

0 9 per cent NaCl 4- su- 
crose 
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cent NaCI, the potency of yeast invertin increased witii acid 
addition, but the activity of intestinal invertin decreased with the 
same acid addition. Two explanations suggest themselves, fl) 
The yeast invertin solution was neutral, but the intestinal invertin 
solution was very slightly acid. Therefore acid addition to the 
mixture of the physiological solution and intestinal invertin 
solution caused an augmented acidity, which may have inliibited 
the activit 5 ’- of the invertin. (2) The optimum point of the re- 
action of the medium may be different for these two kinds of 
invertin. It is clear, though, that invertin from both sources 
can invert sucrose in serum. 

SUMMARY AND DISCUSSION. 

In correspondence with earlier observations in this laboratory, 
sucrose, administered parenterally to dogs, was not eliminated 
quantitatively in the urine. The amount recovered varied con- 
siderably, averaging 76 per cent when sucrose was injected m 
doses of 0.4 to 0.9 gm. per kilo of body iveight. The elimination 
was usually concluded within 24 hours. The degree of utilization 
was essentially the same for the different paths of parenteral 
introduction of the sugar. 

The apparent utilization of a small part of the sucrose, as 
judged by its failui-e to be excreted by the kidneys, may be due 
to the presence or rapid production of sucrase in the blon(. 
Other explanations, such as the assumption of an e.xcret ion of part 
of the sugar into the inte.stine and the reabsorption of the products 
of its inversion there, are discussed above. 

The utilization of the sucro.se was npt essentially changed a ter 
many repeated injection.s^'i 'sugar. This likewise is 
with earlier experienoe’^in this laboratory and is not v la on 
would expect if pai-ienteral introduction of a clisacchark e e.u^ 
tq any abundant formation of protective enzymies vnc> ea 
hydrolyze it. It is possible, of course, that the actual 
inverting enzjmie bfrought into the circulation by the 
injections is too si nail to affect the utilization of 
of a Cugar that can be rapidly eliminated. net 

invertin is produced in considerable amount, lut 
effectively under tjhe conditions prevailing in t ic cir 
These Viuestions will be considered below. 
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Experiments i/t viiro sliowed that tlic inverting power of active 
yeast or intestinal extracts was not lost in the presence of de- 
fihrinated blood or serum, although it was considerabb’^ decreased. 
Addition of acid facilitated the invertin reaction and therefore 
was carried out. in some of the experiments with serum. 

That the activit}' of sucrase is retained in the circulation itself 
was shown by the results of injecting solutions of active 3 "east 
invertin; for under such conditions injected sucrose failed to re- 
appear in as large amounts as usual. The better utilization was 
not due to an 3 ’’ failure of the kidnc 3 ’^ functions in excreting sucrose. 
The invertin caii be demonstrated in the blood after injection of 
such an cnz 3 nuo extract. It soon disappears from the circulation, 
and can no longer be detected in the serum at the end of 20 to 24 
hours. The better utilization of sucrose thereupon does not con- 
tinue to be manifested. Invertin was not excreted into the 
urine in m 3 ’’ experiments. 

The inverting power of the blood scrum, after intravenous in- 
jections of 3 ’’east invertin, under the e.xperimental conditions in- 
dicated in Tables VIII and IX, is shown b 3 ’’ the following decreases 
in the optical rotation of the sucrose-serum mi.xtures; V° 0.24, 0.12, 
0.15, 0.13 in 40 hours. It is almost impossible to compare the 
data given by other investigators, owing to the great diversity of 
conditions and methods emplo 3 "ed. From published protocols the 
following arc selected for consideration. 

Abderlialden and Kapfberger; 0.5 cc. serum -f- 0.5 cc. 10 per cent su- 
crose 7 cc. 0.9 per cent NaCl. Rotation was examined without remov- 
ing protein (length of the tube not given). Decrease of rotation was about 
0.06°, 0.15°, 0.42°, etc., in 15 to 99 hours. 

Abderlialden and Wildermuth: 1 cc. serum -f- 1 cc. 5 per cent sucrose. 
Protein was not removed (length of the tube not given). Decrease of 
rotation was about 0.08°, 0.1°, 0.17°, 0.18°, etc., in 32 to 49 hours. 

Kumagai : 2.5 cc. serum -f- 2.5 cc. 5 per cent sucrose + 10 cc. water. 
After protein was removed (1 gm. sodium acetate and 1 cc. 30 per cent fer- 
ric chloride), rotation was tested with a 1 dm. tube. Decrease of rotation 
was about 10', 15', 42', 1° 30', 1° 50', etc., in 20 to 48 hours. 

Rohmann: 0.5 cc. serum 4- 0.5 cc. 10 per cent sucrose + 9 cc. water. 
After protein was removed (0.2 to 0.5 gm. sodium acetate and 4 to 5 drops 
of 30 per cent ferric chloride), rotation was tested with a 1 dm. tube. 
Decrease of rotation was about 12', 18', 20', 44', 51', etc., in 24 to 48 
hours. 




A COMPARISON OF THE RESULTS OBTAINED BY THE 
COLORIMETRIC AND GRAVIMETRIC DETERMI- 
• NATIONS OF CHOLESTEROL. 

B\ J HOW.VRD ML ELLER 

(From the Dcpnrlmcnl of Pathology of the College of Phi/':tcians and Surgeons, 
Columbia Uniicrstii/i New York ) 

(Kcccncci for publication, Maj 26, 1916 ) 

It has been obseived in the couise of a considerable number of 
cholesterol defeiminations made by the colorunetric method of 
Autenrieth and Funk/ and the digitomn method of Windaus^ 
(gra^dmetric) that the aveiages of values obtained weie consider- 
ably higher in the colorimetiic than in the gravimetric analyses. 
When this fact became appieciated, check determmations were 
undertaken on the same specimens of blood, and it soon was 
evident that there was a leal source of error m one of the methods, 
since there was invariabl}' a difference of as much as 10 pei cent 
and often more, the coloiimetric results being higher In a new 
modification of the coloiimetric deteimination recently published, 
Bloor^ has claimed still higher results than those obtained by the 
Autenrieth-Funk method, b}"^ an average of 20 pei cent. Grave 
doubts were thus cast on the reliability of the digitonm method. 
Since, however, this is the only available means of determining 
separately the free and combined foims of cholesterol it seemed 
highly desirable to undertake a critical study of the two proced- 
ures and to attempt to locate, and, if possible, to rectify the error. 
To this end it v'as necessary to stud 3 '' both the actual technique 
of the determination and the method of extinction of the cho- 
lesterol from the tissues. 

In the literature there is comparatively little ■nhicli might throw any 
light upon the question Autenrieth and Funk* quote one analj sis in i\ hich 

' Autenrieth, W , and Funk, A , Munch rned Woch , 1913, K, 1243 

* Windaus, A , Z physiol Chem , 1910, Ivi', HO 

’ Bloor, W R , / Bwl Chem , 1916, v\iv, 227. 
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Determination of Cliolesteroi 


extraction flask, by means of which he has obtained good results, 
A simple and at the same time a most effective way to obtain a 
perfectly colorless solution is to unite the chloroform extracts 
and shake them out once or twice with distilled water in a sepa- 
ratory funnel, and then dehj'drate with sodium sulfate. The 
water quickly and completely .removes all color from the 
chloroform. 

While the Autenrieth-Funk method has been used throughout 
as the simplest and most accurate of the colorimetric methods, the 
method recently described by Bloor^ has been run parallel with 
it in several analyses. Bloor’s statement that his method gives 
considerably higher results than the Autenrietli-Funk method 
has been entirely confirmed, but in the light of what is to follow, 
it appears that to whatever cause this increase is due, it is not 
due to cholesterol itself. A possible cause for a part, at least, 
of the excess value may be found in the slight brownish color 
invariably present in the chloroform solution of extracts pre- 
pared by Bloor’s method. The alcohol-ether extraction method 
itself is most excellent, and has been used wfith good results in 
gravimetric determinations, as will appear later, but when an 
aliquot of this is evaporated, no matter how carefully one attempts 
to avoid heating the residue after it is dry (which Bloor claims to 
be the cause of the brown color), and even w'hen it is evaporated 
before a fan at room temperature, there is still a slight brown 
tinge to the chloroform solution of the residue. This may he, 
however, only one factor xvhich raises the value, and other things 
max' play even a more important part. 

In order to check the error in the digitonin determination, a 
few' analyses xvere made on Merck’s pure cholesterol. The c >o 
lesterol w'as dissolved in alcohol, brought to boiling, and a 1 
cent solution of digitonin in 90 per cent alcohol added, using -a 
per cent in excess of the calculated quantity. This proportion 
excess of the precipitant has been used in all the work, 
precipitation, txvo procedures are available. In either case 
hours are alloxved for precipitation to become complete, n 
laborator}' it has ahvays been placed in the ice box !" j 
Then, if one follows the original method of Windaus,' d is ^ 
on a Gooch filter, xvashed with alcohol and ether, drie 
bath, and weighed. Since the compound is known to c - 1^ 
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soluble in alcoiiol, Fraser and Gardner‘S have modified the Windaus 
technique by washing with ether followed b}- boiling water, thus 
avoiding the use of alcohol in washing, and thej" use either a 
Gooch filter or tared filter papers in which the tared paper is 
washed with ether and water parallel with the paper containing 
the precipitate. This latter method has several advantages over 
the Windaus technique. In the first place, once the precipitate 
becomes firmly packed down on a Gooch filter, subsequent filtra- 
tion and washing is veiy slow indeed: moreover, by the use of 
filter papere, several determinations can be carried out at the 
same time. The avoidance of alcohol washings probabl}’- obvi- 
ates a slight loss in weight, since the precipitate is somewhat solu- 
ble in it. On the other hand, the washing with boiling water is 
probabl 3 ' a much more effective means of removing excess digifconin 
from the precipitate. Digitonin in a 1 per cent solution quite 
readilj" ciystallizes out, and will not again go into solution until 
the mixture is heated up to about 60°. Therefore, if such a 
ciystallizing out of digitonin should occur in a determination 
which was subsequenth’’ washed with cold alcohol and ether, it 
would almost certainlj' not dissolve, and the result would of 
course be too high. The procedure of Fraser and Gardner has, 
therefore, been followed in all practical determinations made in 
this laboratorj". The weight of the precipitate is multiplied by 
the calculated factor 0.2431 to obtain the weight of cholesterol 
present rather than the approximate factor 0.25 recommended 
by Windaus to cover loss of the compound in washing. 

In four analyses the results were as follows: 


Cholesterol. 

RemarJes. 

Taken. 

Recovered. 


0 m. 

0 0200 
0.0200 
0.0200 
0.0200 

0 m. 

0.0204 

0.0205 

0.0198 

0.0201 

Filtered on tared filter papers and washed with 
ether and boiling water. 

Filtered on a Gooch filter and washed with alco- 
hol and ether. 


Since, then, accurate results are to be obtained bj' either of the 
two procedures as long as pure cholesterol is used to begin with. 


‘ Fraser, M. T., and Gardner, J. A., Proc. Roy. Soc.. Series B, 1909, Lxxxi, 
230. 
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what is the explanation of the marked discrepancy in analyses of 
blood? The greatest possibility for error, of course, lies in the 
preliminary extraction method. A complete extraction cannot 
be attained by extracting blood directly with an immiscible 
solvent, because of the formation of emulsions, and also because 
cholesterol apparently forms some land of a physical or loose 
chemical combination with the proteins, from which it cannot be 
' removed by such solvents as ether and chloroform. If the first 
difficulty is overcome by drying the blood with anh 3 'drous sodium 
sulfate and grinding, and then extracting with ether in a Soxhiet, 
still the removal is incomplete. 

In the Autenrieth-Funk method the completeness of the extrac- 
tion depends on the preliminary breaking up of the protein mole- 
cules themselves by digesting on a water bath for 2 hours with 
25 per cent potassium hydroxide in the proportion of about one 
part of blood to ten of alkali. This mixture will then give up the 
cholesterol to either chloroform or ether. Of course in such a 
process, the esters of cholesterol are saponified, so that it would 
lie useless to extract in this way for the digitonin method, in 
whieh the main point is to determine separately the free and 
combined cholesterol. 

If blood is added directly to alcohol, and the precipitate thus 
obtained extracted with boiling alcohol or by ether, or if blood 
is run slowl 3 ’’ into a mixture of three parts alcohol to one of ether, 
using three parts of blood to one hundred of solvent, and t e 
whole then brought to a boil on a water bath (Bloor’s metho 
the extraction will be found to be practicall 3 ^ complete, as shoun 
b 3 ' qualitative tests of the protein residue after filtration. 

The folloiving e.xperiments will serve to illustrate the foregoiUo 
pomts: 

20 cc. portions of dog blood were dried with sodium sulfate - ^ 
'ground. These were then extracted in a Soxhiet apparatus or 
respectively, and the cholesterol was determined in the ev 
the digitonin method. Duplicate portions of 2.5 cc. each nerc an 

' .'■■ trically by the method of Autenrieth and Funk. 

" ' " pfr c<~t 

. , , 0.2S9 

values, A q 257 

-V. 0.12o 

trio values, 1 day q j.y) 

' 5 days 
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Several specimens of blood were analyzed both eolorimetrically using 
the method of Autenricth and Funk, and m some instances also that of 
Bloor, and gravimctrically after precipitating the sample (10 cc.) with 
alcohol, and extracting the precipitate 24 hours with boiling alcohol in a 
continuous extraction apparatus, then concentrating the combined alcohol 
extracts, diluting with water, and extracting with ether. 

Following are a few typical analyses; 


Source. 

1 

Autcnricth-Funk 

1 

Bloor 

Digitonin 


per cent j 

per cent 

per cent 

Dog 


1 

0 151 

it 



0 169 

Horse 

■■ 


0 100 


The protein residues, after extraction xvith boiling alcohol, were digested 
for 2 hours with 100 cc. of 25 per cent potassium hydroxide, cooled, and 
extracted with 50 cc. of chloroform, the chloroform concentrated to about 
5 cc., and to this 2 cc. of acetic anhydride and 0 1 cc of concentrated sulfuric 
acid were added. Only a vcr 3 ' faint jellowish green color was obtained, 
showing practically a complete extraction The color obtained was 
about equal to that produced bj' about 0 0001 gm of cholesterol in the 
same volume. 


The above figures illustrate the lower results obtained b}' the 
digitonin method, even when extraction was probably complete. 
It did not, however, seem qxute fair to make comparisons which 
would leave room for question on this score. Several experi- 
ments, of which the following are types, were carried out. 


12 cc. of sheep blood were digested for 2 hours with 100 cc. of 25 per cent 
potassium hj'droxide, and the resulting liquid was extracted once w’lth 
250 cc. of chloroform and three successive times with 125 cc , shaking 
vigorously for 5 minutes each time. (This proportion of chloroform to 
solution and time of shaking are recommended by Autenrieth and Funk.) 
The combined extracts were shaken out with two small portions of water 
to decolorize, and then dried over sodium sulfate. After concentrating, 
the residue w’as transferred to a 100 cc. xmlumetric flask, filled to the mark, 
and 16.7 cc. (= 2 cc. of blood) were removed for colorimetric analj-sis 
The remainder (=10 cc. of blood) was evaporated to dryness, taken up 
in alcohol, and precipitated by digitonin. A second portion of blood was 
anab'zed eolorimetrically b 3 ' Bloor’s method 

p r cent 


Colorimetric result.. 
Gravimetric “ .... 

Colorimetric “ (Bloor) 


0 136 
. 0 114 
. 0 182 
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The experiment was repeated with 12 gm. of sheep liver, the alkaline 
mixture being autoclaved 1 hour at 15 pounds’ pressure, instead of being 
boiled for 2 hours. 

per cent 


Colorimetric result 0.409 

Gravimetric “ 0.374 


Dog blood digested as in the case of the sheep blood gave the following 


figures: 

per ctnt 

Colorimetric result 0.182 

Gravimetric “ 0.152 

Colorimetric “ (Bloor) 0.21G 


Bloor states, in accounting for his higher results,’that probably 
a portion of the cholesterol is destroyed. by the long continued 
boiling with strong alkali in the Autenrieth-Funk method. This 
is a reasonable assumption, and, if true, would equally '('■cH 
explain the lower gravimetric figures. In order to bring about 
extraction and saponification without the use of such strong alkali 
the following experiments were done: 

Two samples of dog blood were obtained, and 15 oc. portions were 
extracted by the method of Bloor, using, for each, 500 cc. of a mi.xfure of 
three parts alcohol and one part ether, and adding the blood slowly to 
400 cc., bringing to a boil, cooling, and making up co the mark in a ' 
cc. volumetric flask. The mixture was filtered by suction and the pre- 
cipitated protein sucked as dry as possible, but not' washed. The filtra c 
was made up to 500 cc. A 5 cc. portion was removed for colorlmc nc 
determination. The remaining 495 cc. were in each case evaporated down 
to 15 to 20 cc., taken up in water, and thoroughly extracted with fourpor 
tions of ether. The aqueous residue after ether extraction was 
to dryness, 25 per cent potassium hydroxide added, and heated for a a 
hour on the water bath, then extracted with chloroform. The chtoro 
extract concentrated to about 5 cc. gave onl}' a trace of yellowisi 
with acetic anhydride and sulfuric acid; lionco extraction was 
The ether extracts were united, concentrated, and made up to 
A portion equivalent to 2 cc. of the blood was removed 
analysis, the remaining ether evaporated off, and the residue t- ^ 
blood) saponified for 2 hours with 50 cc. 0.5 x alcoholic potas i 
return condenser. Tlie greater part of the alcohol was then 
off, the residue taken up in water, and thoroughly oxtracte " 

The aqueous residue again showed no cholesterol when teste as 
above. The ether extracts were concentrated, made to 100 cc., . 
equivalent to 2 cc. of blood was removed for colorimetric ana } 
portion equivalent to 1 cc. removed and discarded, the rem-ai 


J. I^o^A'ard ]\Iueller 


557 


CNtract, equivalent to 10 cc. of blood, evaporated to dryness, and the 
residue taken up in alcohol and precipitated with digitonin. 

Determinations were also made on the blood b3'^the Autenrieth- 
Funk method. 

The results Avere as folloivs: 





I. 

11. 

Colorimetric result (Bloor’s method, 5 cc of extract) 

per ccnl 

0 22S 



it 

ether extract, unsaponificd 

0 176 


(( 

if 

“ “ saponified 

0 174 

0 237 

Gravimetric 

if 


, 0 159 


Colorimetric 

a 

.\ntenricth-Funk method 

0 197 



With the exception of the figure obtained bj" the Autenrieth- 
Funk analj'sis of Sample I, which is apparently too high, the 
figures compare verj’- tvell Avith those of the preceding experiments. 
The striking decrease in the colorimetric value produced only 
b3’' extracting the concentrated alcohol-ether solution with ether, 
and thus eliminating some brownish pigment which always is 
present in the latter, is shoAvn well in both sets of analyses, and 
there is apparentl3’’ no further loss after saponification. All of 
the material, hoAA'ever, which contributes to the green color is 
evidently not cholesterol, for it cannot be precipitated b3'’ 
digitonin. 

There was still the chance that the 2 hours’ saponification with 
alcoholic potash so altered some of the cholesterol that, while it 
still gave the color reaction it failed to precipitate with digitonin. 

To see if this were the case, two samples of 10 cc. each of horse blood 
were extracted by Bloor’s method, and to the alcohol used in one case 
0.02 gin. of pure cholesterol was added. These two extracts were saponified 
and precipitated as above, the resulting amounts of cholesterol obtained 
being respectively 0.0076 and 0.0274 gm. There was consequently 0.0198 
gm. of the cholesterol recovered in spite of the 2 hours’ saponification. 
This made it pretty certain that there was little change in the cholesterol 
by the alkali, for by mass action more cholesterol should have been changed 
in the second case than in the first, if a change took place, and a greater 
loss would have resulted. But to avoid any error on this point, the effect 
of saponification with 0 5 n alcoholic potash was tried on pure cholesterol. 
Three portions of 0.0100 gm. of cholesterol in 10 cc. of alcohol were pre- 
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pared. One portion was immediately precipitated with digitonin. The 
second was saponified for 1 hour, and the third for 2 hours, then extracted 
and precipitated. The amounts recovered were respectively 0.0095S, 
0.00948, and 0.00943 gm., so that there was practically no loss after 2 hours' 
saponification. 

In a number of determinations the ether washings from the 
digitonin-cholesterol precipitate were extracted once or twice with 
water to remove the excess digitonin, evaporated to drj-ness, 
taken up in 5 cc. of chloroform and acetic anhj'dride, and sulfuric 
acid was added. After a short time an unmistakable olive green 
color always appeared, having, however, a brownish cast. This 
was equal in intensit}^ perhaps to that which would be produced 
by 0.002 gm. of cholesterol, and, since the precipitate of choles- 
terol in the average experiment was usually about 0.015 gm., it 
amounts to considerably more than 10 per cent of the total color 
which could have been produced by the material before precipi- 
tation. The green color produced by these filtrates faded out 
rather more quicklj' than the cholesterol color, and left a yelloriish 
brown solution. In one case, where the residue was treated with 
glacial acetic acid and a few drops of concentrated sulfuric acid, 
a slightly reddish color was produced (oxjmholesterol reaction?— 
see below). 


DISCUSSION. 

It is apparent from the foregoing that the values obtained h} 
the colorimetric method represent some additional substance or 
substances beside cholesterol itself. That substances closeh re- 
lated to cholesterol e.xist in the blood normally is shown bj t e 
work of Lifschiitz." So called “oxycholesterol,” a substance 
which may be prepared artificially from cholesterol by oxidafion 
with potassium permanganate, ferric chloride, or benzoyl peroxifc 
in glacial acetic acid solution, and characterized chemica > ’> 
the production of a reddish violet color passing into ' 

' definite spectrum lines upon the addition of sulfuric aci o 
acetic acid solution, has been isolated bj' him from the oo ’ 
and a method worked out for its quantitative detemuna i 

' Lifschutz, J., Z. phyaiol. Chem., 1900-07, 1, 437 ; 1907, Iiii, 140, 190?, 

175. 
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There is some question as to the properties of these oxidation 
products, of which there are two or three which can be recognized 
spectroscopically. Lifschiitz® states that they will give the Lieber- 
mann-Burchard color reaction, and also that they will precipi- 
tate with digitonin from alcohol solutions, while Schreiber® denies 
the latter point. Since much of this oxycholesterol work remains 
as yet unconfirmed it is scarce!}' desirable to speculate about the 
exact part which is played by these derivatives in the results 
obtained in “cholesterol” determinations. Certain it is that they, 
or some related substances present in the blood, add to the green 
color of the Liebermann-Burchard test, but fail to precipitate 
with digitonin. It is quite possible that there may be a partial 
precipitation of some of this material by the digitonin, and that 
the gravimetric results themselves are somewhat in excess of the 
actual amount of true cholesterol present. No attempt has been 
made to determine whether such a condition exists or not. In 
one experiment it was shown that there was no wide divergence 
from the theoretical formula for the precipitate by boiling a 
sample weighing 0.0111 gm., which had been obtained from dog 
blood, with 0.5 n alcoholic potash for 2 hours, which gradually 
dissociates the compound and destroys the digitonin. After a 
thorough ether extraction of the residue, there could be recog- 
nized colorimetrically 0.0026 gm. of cholesterol, while the amount 
present theoretically was 0.0027 gm. Of course the presence of 
any oxycholesterol-digitonin compound is not disproved by such 
an experiment, since the formulas would be closely related, cho- 
lesterol being C27H44O and oxycholesterol C27II4402. For the 
present, however, it seems warranted to look upon the digitonin 
determinations of cholesterol in blood as being very nearly correct 
values when care is taken to insure complete extraction. Values 
obtained by colorimetric methods should be considered as repre- 
senting cholesterol plus some more or less closely related sub- 
stance or substances, very likely of the nature of oxidation 
products. 

* Lifschutz, Munch, med. Woch., 1913, lx, 1549, 2346. 

’ Schreiber, E., Munch, med. Woch., 1913, Ix, 2001. 
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CONCLUSIONS. 

1. When applied to solutions of pure cholesterol either the 
colorimetric or the digitonin method of determination is accurate. 

2. Ether extraction of dried blood, even when prolonged, h 
not complete, and recourse must be had to hot alcohol or alcohol 
and ether. 

3. Colorimetric analyses of blood give results too high for true 
cholesterol, because they include other ether- and chloroforra- 
soluble substances, whereas digitonin determinations are more 
nearly correct. 



THE INFLUENCE OF AUTOLYSIS UPON CHOLESTEROL 

ESTERS. 


I3v .1. HOU'.VRD .MUELLER. 

{From the Dcpnrlmcnl of Pnlhologij of the College of Physicians and Surgeons, 
Columbia Universilij, iVcio York.) 

(Received for publication, -May 2G, lOlG.) 

It has been shown' that cliolesterol is absorbed into the animal 
body from the intestinal tract by waj- of the thoracic duct. No 
matter whether it is fed in the free condition or in the form of 
esters of the higher fatty acids, it is alwaj'S found to have been 
converted to a mixture of abovit one part free to three or four 
parts ester bj’^ the time it reaches the chyle. 

There are probabl}'’ two quite distinct functions served b}’’ these 
two forms. Nothing can be said of the use of the esters of 
cholesterol, while in the free condition it is known to act at least 
in vivo as a neutralizing substance to a number of different poisons, 
such as saponin,- tetanolysin,® a hemol 5 'tic agent of the pneumo- 
coccus,^ and also conceivably, poisons of metabolic origin. It 
seems desirable then, to studj’’ anj'' further interchange between 
the two forms which may take place in the body. 

A review of results reported by many different observers shows 
clearly that the total cholesterol of the blood serum of practi- 
cally all species of animals reported upon (exclusive of human 
serum under pathological conditions) is always made up of both 
free and combined fractions, 25 to 35 per cent of the total being 
free. It will be noted that this is the proportion in which the 
cholesterol appears in the chyle after its absorption. When 
analyses of the red or white blood cells or of practically any 

I Mueller, J. H., J. Biol. Chem., 1915, xxii, 1. 

^Ransom, F., Deulsch. med. Woch., 1901, xxvii, 194. 

’ Noguchi, H., Univ. Pennsylvania Med. Bull., 1902, xv, 327. 

* Cole, R., J. Exp. Med., 1914, xx, 346. 
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normal tissue, are made, the results are entireh' diiterent. In 
the red cells, = for example, there is probably no combined cho- 
lesterol; verj' little is found in the white cells, and the same is 
true for most other tissues. The brain contains practically no 
esters;® the kidney,' heart,® and liver contain varjdng proportions, 
from one-tenth to one-half of the total. 

There are possibly two explanations for such a condition. 
Either the body cells are able by means of enzymes to split the 
esters of the blood plasma, and absorb the free cholesterol, or 
they’ absorb the free cholesterol selectively', and the esters are 
destroyed or altered in some way other than by simple hydroly- 
sis. The first supposition seems the more reasonable, and esperi- 
ments directed at the recognition of such enzymes have been 
carried out. It may’ be stated here that the results have been 
negative, but for reasons which will appear later it seemed worth 
w’hile to present the material briefly’ at this stage. 

The attempt has been made to show’, by means of autolysis 
of blood, liver, and mixtures of the two, that there occurred 
hy’drolysis of the esters of cholesterol which normally e.dst in 
such materials. This form of experiment and the selection of 
this material w’as suggested by’ two reports in the literature, and 
it W’as hoped to make these the basis for'more extended work. 

Schultz® autoly’zed human, horse, and dog blood, and also 
liver and mixtures of blood and liver in the presence of sodium 
fluoride and thymol or chloroform as preseiw’atives. He wa.- 
unable to get any’ e^’idence of hydrolysis in blood alone, but m 
horse liver alone and in mixtures of horse, and, to a less e.vtem, 
of sheep blood and liver, marked hy’droly’sis took place. Cytron 
berg,'® in the same laboratory, reported positive results on lorse 
and dog blood alone, and ascribed Schultz’s failure to insu ciot 
familiarity w’ith the digitonin method of analy’sis. This wor 

5 Wacker, L., and Hueck, W., Arch. exp. Path. u. Pham., 1913, 1^"' 
416. 

‘ Lapworth, A., J. Path, and Bad., 1911, x'’, 254. 

■ Windaus, A., Z. physiol. Chem., 1910, Lvr, 110. .. 

8 Hess-Thaysen, T. E., Habilitationsschrift, Copenhagen, , 
stracted in Cents. Biochem. u. Biophysil:., 1913-14, xi’i, 85. 

s Schultz, J. H., Biochem. Z., 1912, xlii, 255. 

10 Cytronberg, S., Biochem. Z., 1912, xlv, 2S1. 
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remained uneonfinned, except for the statement of Gardner and 
Lander” that in an autoh'zed cat liver, no cholesterol estei-s could 
be found. 

There are certain peculiarities about the figures quoted by- 
Schultz and by Cj'tronberg. -n-hich may be mentioned briefly. 
Both workers anal 3 'zed equal quantities of blood, usually 200 cc. 
before and after autolj'sis. Corper'- and Thiele*^ have shown that 
total cholesterol is not decreased on autolysis of tissues. Schultz’s 
figures, however, nearlj’- always show a loss of a third to a half 
of the total cholesterol after i days’ autolysis, and in one case of 
blood and liver, a loss of two-thirds. This loss is not mentioned 
in his discussion of his results. It is hard to explain so much 
loss, even bj' incpmplete extraction, but no other explanation is 
apparent. The figures of C 3 ’tronberg do not show this decrease, 
but his anal 3 'ses of fresh blood are most peculiar in that they 
show onl 3 ’ about 30 per cent of the total cholesterol to be in the 
free condition. From anatyses of whole blood, together with 
analyses of plasma, he calculates in two instances that the red 
cells contain about GO per cent of their total cholesterol as esters, 
^lost anal 3 ’-ses available for reference place the free cholesterol in 
whole blood at between 60 and 70 per cent of the total. The 
figures given below for fresh blood illustrate this well. Further- 
more, it is now generally recognized that the red cells contain 
cholesterol esters only in traces, if at all. Apparently, then, the 
anal 3 dical results in both papers are open to criticism. 

EXPERIMENTAL . 

All blood and tissue used were obtained as fresh as possible, 
and al-ways used within an hour. Blood was diluted with an 
equal volume of water before autolysis. In mixtures of liver 
and blood, the finely ground liver was mixed with an equal weight 
of blood, and one volume of water was added. For preservatives 
sodium fluoride, chloroform, tricresol, and toluene were used, in 
various experiments. It may be said that in some of the experi- 
ments, in which liver was autolyzed, there was apparentl 3 ’- so 


” Gardner, J. A., and Lander, P. E., Biochem. J ., 1913, vii, 57G. 
” Corper, H. J., J. Biol. Chem.^ 1912, xi, 44. 

” Thiele, E. H., Biochem. J., 1913, vii, 275. 
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much putrefaction, in spite of a reasonable amount of preserva- 
tive, that positive results would have been questioned, even if 
obtained. The effort was made in all the work to use the mini- 
mum amount of antiseptic effective to prevent putrefaction, in 
order to avoid enzjune inhibition as far as possible. In most 
cases extraction has been carried out with boiling alcohol, but in 
a few cases ether has been used after drying with sodium sulfate. 
Such results are probabh’- too low, but, even so, marked hydrolysis 
should have been apparent. The alcoholic extracts are concen- 
trated, diluted with water, and extracted by ether. The ctlicr 
extract is divided into equal parts, one-half saponified with alco- 
holic potash for 2 hours, and again extracted. After evaporation 
of the ether from both fractions, each is taken up i!i 10 cc. of 
alcohol and precipitated by digitonin. The rveight of tlie digi- 
tonin-cholesteride multiplied b}' 0.2431 gives in one case the free 
cholesterol and in the other the total. 

The figures in the column headed “ratio” are obtained by divid- 
ing the percentage of total cholesterol in the material by the 
percentage of free. 

DISCUSSION. 

Slight variations in the results obtained for total cholcsteio! 
before and after autolysis are attributable to experimental error 
in the method. In none of the experiments is there am 
evidence of lij'^droly^sis as. has been reported by Schultz am 
Cytronberg. In one experiment quoted by the latter the la to 
of free to total cholestei’ol rose from 36.6 to 91.7 during! ta). 
autolysis, and other figures were almost as striking. It m'"' 
be concluded from the figures here quoted, that a carefu repe 
tion of their work has entirely failed to confirm their resu s- 

It is hoped that, later on, further work by’’ different 
may throw some light on the main question of whethet oi n 
tissues during life can hydrolyze the esters of cholcsfero • 
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20 

20 
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20 
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Horse blood, fresh 
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25 
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20 

20 
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1 
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C( 
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1 
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STUDIES ON BLOOD SERUM. 

I. THE DETERMINATION OF NON-COLLOIDAL NITROGEN. 

Br Wm. H. IYELKER and FREDERICK H. FALLS. 

{From (he Laboratories of Physiological Chemistry, Experimental Medicine, 
and Obstetrics, College of Medicine, University of Illinois, 
Chieago.) 

(Received for publication, May 20, 1916.) 

INTBODUCTION. 

In recent yeai-s, knowledge regarding the amount of non-col- 
loidal nitrogen present in the blood has become of more and more 
importance to the clinician and the biochemist. In connection 
with our work on the Abderhalden serum reaction, it appeared 
to us that a quantitative determination of the non-colloidal nitro- 
gen formed bj’- the tr3’-ptic activity of the serum would be of more 
value than a qualitative test on the same by the ninhydrin reaction. 

Folin and Denis' proposed a method for the determination of 
the non-protein nitrogen of the blood in which methyl alcohol is 
used as the precipitant, and the filtrate is subsequently treated 
with zinc chloride for the removal of some colloidal nitrogenous 
substances that are not precipitated by the methyl alcohol under 
the conditions of the experiment. Believing that aluminium 
hydroxide cream^ had certain advantages over methyl alcohol as 
a precipitant for the colloids of the serum, we selected it as our 
reagent for this purpose. * 


EXPERIMENTAL. 

In this study, we compared the results obtained by the use of 
the method described by these investigators with those obtained 
by the use of the aluminium hydroxide cream method. The 

'Folin, O., and Denis, W., J. Biol. Chem., 1912, xi, 527. 

= Marshall, J., and Welker, W. H., J. Am. Chem. Soe., 1913, xxxv, 820. 
Tracy, G., and Welker, W. H., J. Biol. Chem., 1915, xxii, 55. 
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latter method was carried’ out as follows; 5 cc. of seuim acie 
accurateljr measuied into a 250 cc, volumetric flask. 75 cc. of 
aluminium cream were then transferred to the flask and the con- 
tents were mixed bj'- shaking, and following this weie diluted to 
the mark wdth distilled water. A thorough mixing of the con- 
tents was followed by filtration. The total nitiogenuas deter- 
mined in 125 cc. of the filtrate b}’’ the Kjeldahl method. In all 
cases, the filtrates from the serum treated with aluminium cieani 
failed to show any protein b}’' Heller’s ring test or by the coagula- 
tion test. A blank determination was run on the aluminium 
cream and this result was subtracted from that obtained iiitii 
the alummium-tieated serum. 

The aluminium cream method is simpler in technique than 
that suggested by Folin and Denis, since onl3^ one filtration is 
required. There is less danger of error thiougli evapoiation of 
the solution. Our results, which are averages of two oi more 
closely agreeing determinations, show the recovery of non-co!- 
loidal nitrogen when added to serum. The substances first 
studied were urea, creatine, glj’-cocoll, and leucine (Table I). 


table I 


Method 

S-S 
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V 

N'* 
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cc 
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cc 


cc 
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BfS 
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2 5 

0 70 

2 5 

1 7o 

2 b 

Alviminuim (Kjeldahl) 


5 


5 
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5 
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5 
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— 
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5 

— 
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“ 
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5 
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5 
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a 
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5 

5 
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5 

3 42 

5 

1.89 

5 

2 17 

j 
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5 

13 97 

5 

2 17 

5 

0 63 

5 

1 .33 

5 
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5 


5 

2 16 

5 


5 

1 19 

5 


iss 

OSi 

0?s 
2 02 
210 
J !'* 
1 12 


' These results, in all cases except where the Kjeldahl method %'as 
directly, are equivalent to one-half the volume of the samples j 
the determinations were earned out on one-half the volume tovhic i 'C- 
were originally made up 

In a subsequent series of expeiiments, in older to make 
coriditions approxmiate those m the Abderhaldcn 
soluiuons which we have designated Dialysatcs 1 and - 
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solutions ^YCl•c obtained b}' subjecting dog serum to tryptic diges- 
tion at 40°C. and dialyzing the resultant mixture in parchment 
paper against distilled water. The dialysates were free from the 
more complex protein compounds as evidenced by negative 
Heller's ring and coagulation tests. Xeither of the dialysates 
showed a precipitate with picric acid, but they gave a faint biuiet 
and a very intense ninhydiin test. These dialysates represented 
a mixture of protein cleavage products similar to those obtained 
in the Abderhalden tests. The results aie shown in Table II. 


table II 


■\Iethod. 

Scrum 

Dnl>«3te 

Nitrogen * 

1 

2 


cc 

cc 

mg 

mg 

Kjeldahl 


l 5 

0 84 

1 33 

Aluminium (Kjeldahl) 


0 

0 74 

1 12 

U « 

5 

— 

1 33 

0 91 

Alcohol “ 

5 

— 

1 06 

0 98 

Aluminium “ 

5 

5 

2 17 

2 10 

Alcohol “ 

5 

5 

1 82 

2 17 

Aluminium (bj’ difTercnce) 


5 

0 84 

1 19 

Alcohol “ “ 


0 

0 76 

1 19 


* These results, in all cases except where the Kjeldahl method was 
applied directly, arc equivalent to one-half the volume of the samples indi- 
cated, since the determinations vere carried out on one-half the volume 
to which the samples v ere originally made up. 

DISCUSSION. 

The results show that the nitrogen of urea, glycocoll, and 
leucine can be recovered to a very large extent, and that cre- 
atine nitrogen can be recovered only in part by this method. 
In the experiments on the solution of the non-coUoidal products 
of the tryptic digestion of the serum proteins there is also a failure 
to recover all the added nitrogen. The results obtained b 3 ^ the 
use of this method show that not all the non-coUoidal nitrogen is 
determined. They follow closely, however, those obtained by 
the use of the Folin and Denis method. 
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COXCLTJSIOXS. 

Aluminium cream is a satisfactorj’- reagent for the removal of 
the colloidal nitrogen from blood serum. Its use simplifies the 
determination of the non-coUoidal nitrogen of the serum. The 
liability to experimental error is less than in the method proposed 
by Folin and Denis. 



THE MECHANISM OF THE SPARING ACTION OF CAR- 
BOHYDRATES ON PROTEIN METABOLISM. 

By R. a. KOCHER. 

{From The George Willianis Hooper Foundation for Medical Research, 
University of California Medical School, San Francisco.) 

(Received for publication, May 4, 1910.) 

Voit,’ Riibner,- Benedict," Siven,'* Lanclersren," and others have 
repeatedlj’ demonstrated that ingested carboh 3 -drates exert a spar- 
ing effect on the metaliolism of hodj' protein. This sparing action 
is consideralilj’ more marked with carbohydrates than with fats. 
It is possilile with the ingestion of large amounts of carbohydrates 
to reduce the nitrogen output in man from the starvation figures 
of 8 or 10 gm. to as low as 3 gm. If the carbohj'drates are omitted 
from the diet or even replaced bj- fat, the nitrogen output again 
increases to more than double this minimum. Loewi,® Liitlije," 
Lesser,® and others further showed that carbohj'drates are neces- 
saiy for the utilization of the split products of protein. Without 
carbohj^drates there is no retention of nitrogen on feeding mix- 
tures of the abiuret split products. In explanation of this, Ltithje 
thought that an amino sugar Avas formed. There is, however, 
no experimental evidence to support this view. According to 
Landergren, since under phj^siological conditions fats cannot 
supply this want, the proteins are broken down to jdeld the sugar 


' Voit, C., Hermann's Handb. Physiologie, Leipsic, 1881, 140. 

- Rubner, M., Die Gesetze des Energieverbrauchs bei der Ernahrung, 
Ihenna, 1902. 

® Benedict, F. G., Carnegie Instilulion of Washington, Publication No. 
77, 1907. 

* Siven, V. O., Skand. Arch. Physiol., 1900, x, 91; 1901, xi, 308. 

® Landergren, E., Skand. Arch. Physiol., 1903, xiv, 112. 

' Loewi, O., Arch. exp. Path. u. Phami., 1902, xlviii, 303. 

’’ Ltithje, H., Arch. ges. Physiol., 1906, cxiii, 547. 

' Lesser, E. J., Z. Biol., 1904, xlv, 497. 
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which is lacking. This results hi an increase in the nitrogen 
output. Cathcart® suggested that carbohydrate is essential to 
protein sj'uthesis, and this view is held also bj" Janney.’® 
Sugar, except when stored as glycogen, is dissociated in a 
definite way in the bod}’ into simpler molecules. An idea of the 
relationship of glucose to the dissociation products may be 
gathered from the following scheme: 

Oxidation. 

-> CHjCOCHO CHjCHOHCOOH CHjCOCOOH 
Glucose. Methyl glj-oxal. Lactic acid. Pwuric acid. 

Of special interest in this connection is the fact demonstrated 
by Otto Neubauer that keto and h3"drox3’- acids identical with 
those arising in the course of sugar catabolism maj' result from 
the dissociation of proteins in the bod}’. For e.xample, alanine 
is deaminized to form p}Tmac acid, which by reduction gives 
rise to lactic acid according to the following scheme: 

N 

CHsCHfXHOCOOH CS,COCOOS CH,CH(OH)COOE 
.A.lanine. Pj-ruvic acid. L-nctic acid. 


It has been shown by a number of workers that the above reac- 
tions are reversible. For e.\'ample, lactic acid and pyruvic aei 
may give rise to glucose in a phlorhizinized anhnal. The increase 
glycosuria in phlorhizmized animals foUov’ing ingestion of prO' 
teins is a further emdence of the reversal of this reaction. T la^ 
the second of these reactions is reversible, namely, the synthesis 
of hydro.x}' and keto acids into amino-acids, has been 
strated by Ivnoop“ as well as by Embden’^and others- Tie} 
have shown that on perfusing the isolated liver with lactic or 
pyruvic acid, nitrogen can be added on and alanine forme ■ 
this process of retaining nitrogen by dissociation products o 
to form new amino-acids, and hence proteins, occurs on a 
scale in the body, it will explain why ingestion of carboh} m cs 


’ Cathcart, E. P., The Phj'siologj- of Protein Metabolism, London, 
121 . 

1“ Janney, X. W., Biot. Chem., 1916, xxiv, P- xxx. 
u Ivnoop, F., Z. physiol. Chem., 1910, l.wi, 4S9. ^ 

1- Embden, G., and Schmttz, E., Btochem. Z., 1010, x\ix, 1 
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spare? body protein. To tost this point, the sparing effect on 
the nitiogen output of ingesting lactic and pyruvic acids as com- 
paicd with the sparing action of equivalent amounts of undis- 
sociated carbohj’dratos was undertaken in these experiments. 

EXPERIXIEXTAL. 

Laige healthy dogs were used for the expciiments. They were 
allowed to fast for 5 or G da 3 's. When the nitrogen output became 
constant, lactic acid, p 3 Tuvic acid, or cane sugar was given by 
stomach tube. The lactic acid was partl 3 ' neutralized by calcium 
hydroxide; P3’ruvic acid was neutralized with sodium hydroxide. 
For comparative purposes the sparing action of cane sugar was 
first determined for each dog. The urine was collected ever," 24 
hours by catheterization. During fasting the dogs received 
daih' a liter of water, and the carbohydrates and acids were 
administered in an equivalent dilution, so that the daily quantity 
of urine was kept constant. The results of the experiments are 
tabulated in Tables I to III. 

TABLE I 


Experiment 1. — A health}’ bitch weighing 19 5 kg Cane sugar was given 
on the 7th da}'; lactic acid partly neutralized with calcium hydroxide was 
given by stomach tube on the 10th day. 


Daj 

Food 

N in the 
urine 

Remarks 



gm 


5 

Fasting 

2 86 


6 

({ 

2 92 


7 

95 gra. cane sugar 

1.66 


S 

Fasting.. . 

(( 

2 56 


9 

2 84 


10 

100 gm. lactic acid. 

1 82 

3.32 gm. of f-lactic acid 




yeie recovered in the 




urine. 

11 

Fasting 

2 48 


12 


3 03 
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TABLE II. 

The Effect of Lactic Add on the N Output of the Dog. 


Experiment 2 . — Dog weighing 18.6 kg. In this experiment doses of c.me 
sugar and lactic acid were given over 3 da 3 'S in amounts of SO and SO gm. 
respectivelj'. 


Daj 

Food 

X 

in the 
unoc. 

Remarks. 

5 

Fasting 

ffm, 

3.35 


6 

U 

3.49 


7 

76 gm. cane sugar. . . 

2.25 


S 

76 “ “ “ . . . 

1.74 


9 

tt t( tC 

1.27 


10 

Fasting 

1.44 


11 

tt 

2.22 


12 

tt 

3.19 


13 

tt 

3 40 

Traces of lactic acid found in the urine. 

14 

SO gm. lactic acid. . . 

2.68 

15 

SO “• “ “ ... 

2 19 

It It It “ “ “ “ “ 

16 

80 “ “ “ . 

1 65 

tt tt tt It “ “ “ “ 

17 

Fasting . ... 

2 03 


18 

tt 

2 55 

— 


T.\BLE III. 

Experiment 3 . — Same dog as in Experiment 2. PjTUvic acid 
with sodium hj-droxide was given in doses of SO gm. per daj' for 
The p 3 'ru^^c acid was prepared in the laboratory b 3 ' the disti ® ‘°'l , 
tartaric acid and potassium hx'drogen sulfate. It was freshly is i 
before use 


Daj 

Food 

N 

in the 
urine 

Remarks 



gm 


6 

Fasting . 

3 52 


7 

tt 

3 41 


8 

SO gm. p 3 ’ruvic acid 

2 88 


9 

10 

SO “ 

SO “ “ “ 

2 44 

2 18 

Traces of Mactic acid vere detected m 




the urine. 

11 

Fasting . 

2 56 


12 

tt 

2 85 



tt . 

3 36 

^ 
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Following the ingestion of cane sugar there was the usual reduc- 
tion of the nitrogen output. In these experiments this reduction 
was down to approximately 53 per cent of the fasting nitrogen 
when 200 gm. of carbohydrates were given on 1 day only; follow- 
ing the administration of 70 gm. a daj' for 3 consecutive daj's, 
the nitrogen output was reduced to about 37 per cent of the 
fasting nitrogen. These figures serve as a basis of comparison 
for the sparing action of equivalent amounts of lactic and p 3 ’ruvic 
acids. In Experiment 1 where 100 gm. of lactic acid were given, 
the nitrogen output was reduced from 2.84 to 1.82 gm., or 64 per 
cent of the fasting nitrogen, 3.32 gm. of Wactic acid were recov- 
ered from the urine. It is apparent that not quite all of the 
lactic acid had been utilized, but the reduction in the nitrogen 
output to 64 per cent as compared with 53 per cent for an equiva- 
lent amount of cane sugar indicates that lactic acid spares protein 
to practicallj’- the same extent as do carbohydrates. In E.xperi- 
ment 2 lactic acid was given in amounts of 80 gra. on 3 consecu- 
tive daj'S. The dailj' nitrogen output was reduced from 3.4 gm. 
to 1.65 gm. on the 3rd daj', or 48 per cent of the fasting nitrogen 
as compared with a reduction to 37 per cent following equivalent 
amounts of cane sugar. There were traces of lactic acid found 
■in the urine, so that it is likel}' that had all the lactic acid been 
utilized reduction in nitrogen output would have been fully as 
great as that following carbohj'-drates. In Experiment 3 the 
effect of ingesting pju'uvic acid was studied. 80 gm. doses per 
day were given for 3 daj's. The nitrogen output fell from 3.41 
to 2.18 gm. on the 3rd day, or 64 per cent as compared with 37 
per cent following carbohj'drates, and 48 per cent following lactic 
acid. There were no toxic symptoms apparent following adminis- 
tration of these amounts of pjTUvic acid in the form of the sodium 
salt. A trace of i-lactic acid was detected in the urine on the 3rd 
day following the administration. 

DISCUSSION OF KESULTS. 

Lactic acid exerts practicalh’’ the same sparing action on pro- 
tein metabolism as carbohydrates. Following pj-ruvic acid the 
sparing action is verj"^ distinct but less marked than that following 
lactic acid and carboltydrates. The dissociation of glucose in 
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the body is by way of lactic acid as one of the chief intermediafc 
steps. Lactic acid can be oxidized in the body to pyruvic acid. 
As pointed out in the introductory remarks, it has been shown 
that lactic acid as well as pyruvic acid can add on ammonia 
nitrogen to form alanine. T\Tien this process is operative, nitro- 
gen arising from catabolism of body proteins instead of being 
excreted is utilized to synthesize new protein. It is true tliat 
the above reactions are reversible, as has been shown in pMor- 
hizinized animals; but the normal catabolism of glucose is in the 
direction indicated, giving rise to simpler molecules, which in 
turn may be in part combined with nitrogen to synthesize protein. 
That this fixing of catabolized nitrogen by the dissociation prod- 
ucts of glucose to form new proteins is the true mechanism of the 
sparing effect of feeding carbohydrates on the nitrogen output 
gains further support in the experiments here reported. 



THE DISTRIBUTION OF THE LIPOIDS ("FAT”) IN 
HUMAN BLOOD. 

By W. R. BLOOR. 

{From the Laboratories of Biological Chemistry of the Harvard Medical 

School, Boston.) 

(Received for publication, May 31, 1916.) 

Those constituents of the blood which are usually included 
in the term “blood fat” are (1) the true fats — glycerides of the 
fatty acids; (2) the phosphatides — lecithin, cephalin, etc.— ordi- 
narily termed “lecithin,” and (3) cholesterol with its fatty acid 
esters. At first these substances were grouped together because 
of their similar solubilities in the fat solvents, but evidence has 
been accumulating (see below) which makes it probable that 
the grouping is a natural one based on their common connection 
with fat metabolism. For this reason it is increasingly desirable 
to have a general term which shall include all these substances 
and also others which are concerned in fat metabolism. Three 
terms have been used for this purpose. The term “li-pin" sug- 
gested by Gies,^ although good, has not found general acceptance 
possibly because the ending -in is still associated in most minds 
with basic properties. Leathes^ uses the term “fats" in the 
general sense to include all substances connected with fat metabo- 
hsm. This term has the advantage of quite general appheation 
in this sense and would be useful if it were not for the fact that 
the best known member of the group is also universally known 
by that name. The third term, “lipoid," first used by Overton, 
has two meanings in the literature — ^the original meaning given 
it by Overton including essentially all substances having the 
solubilities of the fats, and a later restricted meaning including 
only such substances as “lecithin,” cholesterol, etc. At present 
it is coming into general use in France^ and to a certain extent 
in Germany* as a general term to include all substances con- 
nected with fat metabolism. On the whole, it seems to be the 
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best of the three terms for the purpose. Its root meaning is 
broad enough to allow its use in this sense and there is an ad- 
vantage in the use of a familiar term rather than a new one. 
It will therefore be used in the present work in the ahbve sense 
to include all substances connected with fat metabolism; i.e., 
the fatty acids, their naturally occurring compounds, and also 
substances like cholesterol which occur naturally in combination 
with the fatty acids. 

As might be expected from the importance of fat in general 
metabolism a considerable volume of literature has accumulated 


on the lipoids of the blood, but the published results, although 
in general agreement, vary greatly in the quantitative details. 
The reasons for the variations in reported values are, first, the 
widely different and frequently inadequate methods employed; 
second, the failure in many instances to take into account the 


nutritional condition of the subject at the time tlie blood was 
taken. Practically the only time when the blood is free from 
the influence of ingested or mobilized fat and when' therefore the 
fat values are constant enough to be used as a basis for com- 
parison, is the post-absorptive condition — 8 to 16 hours after the 
last meal. A third reason is the probable presence in the blood 
of enzjmies^' which maj^ alter or destroy the lipoids if the blood 
is allowed to stand for any considerable length of time after 
being drawn. For these reasons only a general review of t le 


subject is thought to be of value at the present time. 

Fat, Glycerides of the Fatty Acids, Nentral Fat . — Very little rs 
known regarding the amount of fat in the blood at aiy' time. 
The methods employed for the determination of lipoids in b oo ^ 
are mainly saponification methods giving values only for to a 
fatt}^ acids, and w’hen suitable methods have been emploj’cc 'c 
analyses are rarely complete so that .the amount of fat cou 
not be determined. Letsche’s® anatyses lead him 
elusion that the amount of fat present in normal fasting J oo^^ 
is small and may be entirely absent. Klemperer' 
similar conclusion regarding the blood in certain cases of ( m )e^ ^ 

During fat absoi'ption the fat of the blood is ly 

result of the inflow' of chyde fat ivhich consists almo- on 
ofWlycerides. Miiller-- finds the fats increased in nep rs n, 
Kl^ri'jcrer" in the iipemia of diabetes. 
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Total Failrj Acids. — I\Iore information is available regarding 
the total fatty acids of the blood, since most of the methods for 
determining blood “fat” are saponification methods and involve 
the sepai'tvtion of the fat as fatty acids; but the values reported 
for both normal and pathological conditions varj' extremely 
^ among themselves for the reasons mentioned above. 

Very little is known regarding changes in normal hmnan beings 
in the total fatty acids of the blood other than in the well known 
alimentary lipemia. In normal animals the total fatt}" acids 
have been shown to increase as the result of fasting, nar- 
cotics,**’- and e.xcrcise.'* The increases in fasting and nar- 
cosis are not constant but seem to depend on the nutritional 
condition of the animal. Animals whose blood lipoid level is 
ordinarilj' not affected by fasting or narcosis show marked in- 
creases in both conditions after a period of stufllng with fat food. 
Apparentlj’^ in these animals some of the fat is so loosely stored 
that it is thrown into the blood as the result of a stimulus which 
does not affect the animal in his ordinary condition. Rosenfeld’’- 
man}' years ago observed that the fat mobilization ordinarily 
produced by phosphorus poisoning in dogs does not take place 
in starving animals. 

Fat injected into the circulation in suspension disappears from 
the blood at a rate which appears to depend on the fineness of 
the suspension. Injected as a colloidal suspension it disappears 
in about § hour,*^ as casein emulsion (particles 2 to 5 /z in diame- 
ter) in less than 5 minutes,'- as egg yolk, in 6 or 7 hours,’- as 
homogenized fat (consisting of particles 0.3 to 1 ii) in about 7 
hours.'® 

In pathological conditions in human beings considerable work 
has been done, particular!}'’ in diabetes mellitus. Diabetes is 
the only common disease in which the blood lipoids are exces- 
sively increased and consequently it was the first disease in which 
attention was directed to these constituents. The milk}' serum 
from the blood in many cases of diabetic coma, from which 
frequently a “cream” arose on standing, suggested fat at once 
to the observant at the time when blood letting was a common 
practice, and the earliest information on blood lipoids dates from 
that time.'^ Our present knowledge regarding the total fatty 
acids of the blood in diabetes may be summed up as follows. 
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In diabetics free from acidosis they are not much, if an}', higher 
than in the normal. Acidosis is generall 3 " accompanied bj' in- 
creased total fattj' acids in the blood but not by any means 
invariably.^’ In coma the values maj^ be very high; 26 per 
cent is reported b}'- Klemperer,-* and 15 to 20 per cent appears 
to be fairly common. On the contrarj', lipemia is frequentl.v 
absent in coma.^* It seems probable that while the coma and 
the lipemia maj’^ be the result of the same set of conditions the 
lipemia may develop so gradual^ that coma majr ensue before 
the lipemia has reached notable proportions. It is questionable 
whether the increased fat is due to cellular breakdown, as is fre- 
quentlj’^ stated (because of the increase of “lecithin” and other 
cellular constituents). It seems more reasonable to suppose 
that the increase represents the accumulation of mobilized or 
ingested lipoids which the organism is no longer able to utilize. 

The “total fatty acids” of the blood have been found to be 
increased in nephritis, in paeumoma,^^ in pregnancy,” and 


in experimental anemia in animals.**-* 

Phosphatides (“Lecithin") — Lecithin, Cephalin, Etc.— rThe “leci- 
tliin” of the blood has been reported to increase in normal ani- 
mals during the absorption of lecithin-^ and of fat.-'’ ” In 
logical conditions in human beings increases in blood “lecithin 
have been reported in diabetic lipemia, although here as 
in the case of the fat the increases do not appear to be constant 


or characteristic since other cases have been reported,’”’” c)™ 
with coma, where the changes were slight. Other pathologica 
conditions in which abnormal values for “lecithin” have been 
reported are: nephritis, both high**--” and low values;-’’” eu- 
kemia, high values’- (in corpuscles only — plasma normal); sjpi- 
ills, liigh values (serum) ;”’ ” in cachexia (carcinoma) low values. 
In e.xperimental conditions in animals increases in blood cci 
thin” have been reported in the anemia produced by continue 


bleeding’* and in depancreatized dogs.” 

The divergence in the results of lecithin determinations m 
blood, particularlj’- the low values, may be due to one or o i 
two causes: (1) destruction of lecithin in the blood 
due to the action of an esterase in the corpuscles;’ or (2) ^ J 
tion during extraction. Many of the blood samples repo ^ 
were obtained post mortem and therefore after^ standing -e^ 
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hours; also the methods used for extraction in most cases would 
undoubtedlj’ result in a partial hj’-drolysis. 

Cholesterol . — Cholesterol is a relatively well defined and stable 
chemical substance, is readily extracted from the blood and 
purified, and is readily acted upon by a number of reagents pro- 
ducing precipitates or colors which maj-^ be used for its quanti- 
tative determination. For these reasons it has been the subject 
of a good deal of investigation in recent years. Also bj" reason 
of its stability the values reported for cholesterol in blood are 
much more comparable than those for “lecithin,” although here 
again the lower values maybe regarded as doubtful, either because 
of incomplete extraction or because of the action of the strong 
alkali used for hydrolysis preparatory to e.xtraction in most of the 
methods, since cholesterol is not entii’ely stable in the presence 
of strong alkalies.^'’ Cholesterol occurs in the blood in two forms ; 
“free” in the corpuscles and to some extent in the plasma, and 
as cholesterol esters in the plasma alone. The relation of free 
to bound cholesterol in the plasma is variously given.®^ One 
part free to two parts bound may perhaps be taken as a fair 
average of the values reported. Cholesterol is absorbed from the 
intestine” when fed in solution in oil or in natmal solution as 
in egg yolk, and causes an increase in the cholesterol of the 
blood.”' ” Similar increases in the cholesterol of the blood after 
feeding fat alone have been reported”' “ but these increases 
have not been confirmed in recent work.^^ Cholesterol has been 
reported to be increased in narcosis”' and in alcoholism,” also 
in pregnancy.^^ In pathological conditions cholesterol is increased 
in apparently all cases of jaundice,” presumably because of 
stoppage of one of its normal paths of excretion. In diabetes 
there is generally an increase, although as in the case of fat and 
lecithin the increases are not constant.'*® Increases have also been 
reported in nephritis^-' and lues.” Decreases have been 
noted in cachexia of various origins.**®' 

All of these lipoids are probably synthesized by the animal 
organism. The formation of fat from carbohydrate and prob- 
ably also from protein is too well known to need discussion here. 
That “lecithin” is synthesized by the animal organism has been 
shown by McCollum” with rats, by Finge’ling” and McCollum®' 
in feeding experiments with laying ducks and hens, and by 
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Bloor-’ in fat absorption experiments. As regards cholesterol, 
Gardner and Lander®- have found that cholesterol is sjmthesizcd 
in the body of growing chicks, but not readily, Dezani*® has 
claimed that it is readily synthesized in the animal body. 

The functions of “lecithin” and cholesterol in the organism arc 
little understood, although there can be no question regarding 
their importance since they are constituents of all living cells 
and probably constitute most of the “built in” or invisible fat 
of the tissues. Recent investigations-^ have shown that lecithin 
probably takes an active part in fat metabolism as the first stage 
through which the fats pass in their utilization by the organism. 

As regards the function of cholesterol there is some ewdence 
that it may serve as food. Mendel and Leavenworth®* have 
shown that the cholesterol content of the developing hen’s egg 
diminishes dui-ing development. Moreover, there appears to he 
a considerable cholesterol metabohsm in the animal orgam’sm, 
since it or its products are always present in the feces in con- 
siderable quantities although it is quite readily absorbed from the 
intestine.®’’ Cholesterol probably has also some function in fat 
metabolism because of the presence in the blood plasma and in 
most cells of cholesterol esters whose relation to the cholesterol- 
in the blood plasma, at least — is claimed to be constant,’’® also 
because in pathological conditions it increases or decreases along 
with the other lipoids, preserving a fairly constant relations up 
with them as has been indicated by the wmrk of Fischer, hKife; 
Klemperer and Umber,®* and as shown by the work below. ***■ 
lesterol is believed by Lifschutz®® to be the source of the i e 
acids. 

The presence of a cholesterase in blood corpuscles has ccn 
reported by Cydronberg.®® . ' 

In all the •work on the blood lipoids noted above there mv^ 
been very few attempts to make complete analyses of th^n 
stituents and still fewer to correlate the results in an c j 
determine the distribution of the lipoids between p 
corpuscles or to discover relationships such as -would be 
to occur among substances concerned with a common p 
metabolism. One effort in this direction is the ° 
aird Schaeffer®’ in the elaboration of their theory of cc ‘ 
stants. They^ found that in the red blood cells there is a c 
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relatioiisliip between the fatly acids and tlie lipoid phosphorus 
on the one hand and between the cholesterol and the fatty acids 
on the other. A similar constancy of relationship between fatt 5 " 
acids and cholesterol in the blood has been reported byTerroine^® 
who found besides that the relation remained constant during 
fat absorption."" A fairly constant relationship between total 
fattj' acids and “lecithin” during fat absorption was noted by 
Bloor."' 

Having, then, available suitable methods for the approximately 
complete analysis of the lipoid constituents of the blood, it seemed 
worth while to undertake in human beings a study of the distribu- 
tion of the lipoids in both normal and pathological conditions in 
the effort to discover the normal values and relationships and 
how these are affected bj"- various diseases, the whole to serve as 
a basis for future more detailed study of such conditions as show 
marked abnormalities. 

The bleed of nomal men examined vas that of students in this school; 
that of normal women, of students in the nurses’ training course of Sim- 
mons College. The pathological blood samples were obtained mainly 
from patients in the medical wardsof the Peter Bent Brigham Hospital. 
For the work of obtaining most of these samples I am indebted to Dr. D. 
J. MaePherson of the Peter Bent Brigham Hospital, for those of normal 
men to Dr. 0. F. Rogers formerly of this school. To all of these persons 
and to the authorities of the hospital I acknowledge my indebtedness and 
express my thanks for their help in making this work possible. 

Having in mind possible changes produced in the blood on 
standing, the samples were worked up as soon as possible, gen- 
erally within 2 hours after being drawn from the vein. In the 
few cases where that was not possible the blood was kept on ice 
until used. All samples were obtained in the post-absorptive 
condition, before breakfast. Analyses both of whole blood and 
plasma were made and from these and the percentage of cor- 
puscles, the lipoid values of the corpuscles were calculated. From 
the values so obtained the relations between the constituents in 
whole blood, plasma, and corpuscles were determined. 

The routine procedure in the examination of the blood was 
much the same as that reported in earlier papers^^ and therefore 
need not be given in detail here. About 10 cc. of blood were 
drawn from one of the veins of the arm, and run into a gradu- 
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ated centrifuge tube containing two drops of saturated sodium 
citrate solution. After thoroughly mixing, a 3 cc. sample was 
measured out for “whole blood” and run into alcohol-ether as 
usual. The remainder was centrifuged at 3,800 u-P-m. for 10 
minutes, the volume of corpuscles noted, and 3 cc. of the plasma 
were measured out into alcohol-ether as before. 

For the determination of “total fat"®® 10 cc. of the alcohol- 
ether extract were adequate in most instances but for the blood 
of anemia patients 15 cc. were necessary. The method used for 
the determination of cholesterol has recently been described.®'’ 
10 cc. of the extract were required for its determination in normal 
blood and quantities varjdng from 3 cc. (in severe diabetes) to 
15 ec. (in anemia) in pathological blood. The method used 
for the determination of “lecithin” has also been described re- 
cently. In the present work the strychnine molybdate pre- 
cipitation®® was used throughout. 15 cc. of the blood extract 
were requked for normal blood and from 10 (severe diabetes) 
to 25 cc. (anemia) in the pathological samples. The results of 
the analyses are given in the tables. 



TABLE r. 

Lipoids of Normal Bloodf Gm, per 100 Cc. 
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The value “total fattj- acids” is obtained by subtracting the value for 
cholesterol from that of “total fat” as determined. The value “lecithin” 
is obtained by multiplying the value obtained for phosphoric acid (lipoid) 
bj' S. '“Fat” in the plasma is obtained b 3 - subtracting the fatty acids 
combined as “lecithin” (0.70 X file lecithin value) togetherwith those com- 
bined as cholesterol esters (0.4S X the cholesterol value) from the “total 
fatty acids” and multiplj-ing the result bj- 1.05; in the corpuscles, by sub- 
tracting the fattj’ acids combined as “lecithin” from “total fatty acids” 
and multiplj’ing bj’ 1.05 as before. These calculations are made on the 
assumptions (1) that the lecithin is oleo-stoarjd-lecithin; (2) that two- 
thirds of the cholesterol of the plasma is combined with fattj' acid (oleic 
acid) ; and (3) that in the corpuscles all the cholesterol is free — assumptions 
which are believed to be sufficicntlj’ near the truth for the purposes of this 
work. The values given for corpuscles arc calculated from those of the 
whole blood and plasma, taking into account the percentage of corpuscles. 
The value “total ether-soluble” (plasma) is obtained bj’ adding together 
the values for “lecithin,” cholesterol (including esters), and “fat.” The 
values of the various constituents in plasma and whole blood are believed 
to be within 5 per cent of the true value; in the corpuscles, since thej' are 
calculated values, the variations arc greater. Ratios between total fatty 


acids and lecithin, 


total fattj’ acids 
lecithin 


, and between lecithin and cholesterol, 


lecithin 

cholesterol’ 


are included in the table, the first because of the relationship 


observed between “total fatty acids” and “lecithin” during fat absorption,®’ 
leading to the belief that lecithin is a stage in fat metabolism through 
which the fats must pass, and the second because of the antagonistic 
behavior of these two substances observed in several biological 


processes.'®-*® 


* In the case of the normal men where the corpuscle percentage was not 


determined, 43 per cent (the value given bj’ Keith, Rowntree, and Ger- 
aghty** as the average for normal men) was used in the calculations. 
This average value for normal student blood has since been found correct 
in determinations on other students’ blood. 


** The lipoids of these two samples were determined last and there- 
fore after this blood had stood for a longer time than the others. Since 
the values for all the lipoids are lower in these samples it seemed probable 
that these low values maj’ have been due to enzjme action and thej’ are 
therefore not included in the averages. 



TABLE II. 

Lipoids of Pathological Blood, Gm. per 100 Cc. 
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DISCUSSION. 

Lipoids of A^ormal Blood . — For reasons discussed in the earlier 
part of the paper a detailed comparison of the normal values 
recorded above with those in the literature is not considered 
profitable. The “total fatty acids” and “total ether-soluble” 
values fall within the wide limits given in the literature. The 
“lecithin” is liigher than the values given in the earlier hterature 
but is about the same as that more recentlj’- reported.®^ The 
cholesterol values are higher than most of the reported values 
(which average about 0.17 gm. per 100 cc.),®^ a fact that is partly 
at least accounted for bj’' the method used which, as has been 
noted before, gives higher values than the methods in common 
use. 

The variations from the average of the various constituents are 
from 10 to 20 per cent, being greatest for “total fatty acids” 
and least for “lecithin.” 

The differences in the content of lipoids of men’s and women’s 
blood is not great, and it is possible that a more extended series 
of analyses may eliminate these differences. The total fatty 
acids of the women’s plasma is slightly higher than that of the 
men, while that of the corpuscles is somewhat lower. The same 
is true of the glycerides. Cholesterol and “total ether-soluble” 
are practically the same in both. “Lecithin” is lower in the 
plasma and higher in the corpuscles of the women than of the 
nien. 

The “lecithin” content of the corpuscles is always greater than 
that of the plasma, approximately double, while the cholesterol 
and total fatty acid content of the corpuscles is about the same, 
although generally a little less. 

The value for “lecithin” in the corpuscles is generally about 

twice that of cholesterol, ^ = 2.08, average, in men and 2.14 
in women, while in the plasma the values for the two constitu- 
ents are nearly equal, — = 0.96 for men and 0.82 for women. 

c* 

The constancy of these ratios, which holds also for most of the 
pathological blood (see below), suggests a definite relationship 
between these substances. 
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Lipoids of Human Blood 


In the blood both of men and women the normal cholesierol 
value is about one-third that of the “total ether-soluble.” The 
lecithin is about the same fraction of the “total ether-soluble” 
in men’s blood but is a little lower, about one-fourth of this 
value in women’s blood. 

The value for “fat” (wliich represents all the fatty acid not 
combined as lecithin) in the corpuscles is generally zero in women’s 
blood and frequentlj' so in men’s, making it probable that all the 
cholesterol of the corpuscles is free (not combined with fatty 
acid). The absence of fat from the corpuscles raises the ques- 
tion wdiether there is any present in the normal plasma. Letsche' 
found none. The insolubilify of fat in water and the fact that 
such a small amount of suspended fat is needed to make wafer 
cloudy w'hile normal plasma is almost always clear would seem 
to give some support to this finding. On the assumption made 
above that two-thirds of the cholesterol of the plasma is com- 
bined, the amounts of ghmerides in the plasma are small. If 
we assume further, as Klemperer’’- has done, that all the cho- 
lesterol in the plasma is combined the glycerides will be reduced 
to amounts w'hich are probablj'^ not far from the limit of error 
of the determinations. This is a point of considerable impor- 
tance in determining the significance of lipemia (milkiness of the 
plasma) in pathological conditions, also in determining how the 
fat is normally transported in the blood, especially in fasting, 
when considerable quantities of fat are passing and yet the 
plasma remains clear. It seems unlikely, on the other hand, 
that there is no free cholesterol in the plasma, for if that were tlic 
case it ■would be difficult to explain the action of cholesterol a? 
an antihemolytic against several agents’’® which appear to icact 
only with free cholesterol. 

Lipoids of Pathological Blood. 

A. Su 7 } 27 nary of Ii7iporta7it Data Rcgardmg the Didividiial Sar/iplf^- 

1. M Ural Stenosis . — Total fatty acids increased, correspondiivL' 
increased values for “fat,” “total ether-soluble,” anci ^ 

17, 47, 2, 70. Diabetes.— mos. 17 and 47 practically normal 
(cholesterol low in 17). In Nos. 2 and 70, ail the eonsU ue 
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were much increased, although the increases in total fatty acids 
are relati-i'el}’ less than in lecithin and cholesterol. The plasma 
in. Case 47 was somewhat cloud 3 ’^; in all the others it was clear. 

5. Dchiliiy. — “Total fatty acids,” “fat,” and the ratio 

Tj, 

slightl}" Wgh, especially in the corpuscles. Lecithin and — in 

c. 

corpuscles slightly increased. 

4- Carcinoma of Stomach, Anemia. — “Total ether-soluble” high, 
“total fatty acids” and cholesterol high in corpuscles, “lecithin” 
low in corpuscles, “fat” high in both. Marked disturbance of the 

ratios — and — in the corpuscles. 

12. Carcinoma of Peritoneum, Transverse Colon, Uterus, and 
Stomach. — Blood lipoids practical^ normal. Increase in cho- 
lesterol in corpuscles. 

6. Carcinoma of Stomach, Hernia of Abdominal Wall, Hema~ 
iuria. — Lipoids practicallj' normal. Lecithin somewhat low, espe- 
cialty in corpuscles. 

7. Chronic Myocarditis, Hypertension. — No marked disturb- 
ance in the distribution of the lipoids. “Total fatty acids” rela- 
tivelj’- lower in plasma and higher in corpuscles than normal. 

8. Malnutrition. — “Total fatty acids” and “fat” low in plasma 
and high in corpuscles. “Total ether-soluble” low. 

9. Chronic Nephritis, Chronic Myocarditis, Hypertension . — 
“Total ether-soluble” high; “total fatty acids” and “fat” high in 
both plasma and corpuscles. “Lecithin” increased also, but to a 
less extent. The ratios, however, fall within the limits of normal 
variation. Plasma cloudJ^ 

10. Syphilis, Chronic Alcoholism. — “Total fatty acids,” “fat,” 
and cholesterol high in corpuscles; “lecithin” and cholesterol low 

in plasma. “Total ether-soluble” low. in corpuscles 

L. 

double the normal value. Plasma cloudy. 

11. Goiter, Hyperthyroidism (?). — Lipoids normal. 

B. Bronchial Asthma {?). — “Total fatty acids” and “fat” high, 

resulting in a high — ratio. 

L. 
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15. Anemia Due to Bothriocephahis Lotus. — “Lecithin” low 
throughout; cholesterol very hw in plasma. “Fat” high in both 


plasma and corpuscles. The ratio 
^ in the corpuscles is low. 


T.y.A. 

L. 


is very high throughout; 


16. Per?iicious Anemia . — Cholesterol low in plasma. Lecithin 
low in corpuscles. Plasma slightly cloudy. 

21. Pernicious Anemia, Hemorrhagic Stomatitis . — Cholesterol 
and “lecithin” low in plasma, “Total fatty acids” high in cor- 


puscles, and relatively high in plasma. 


high in both cor- 


puscles and plasma. 

Pe7'mciaiis Anemia . — Lecithin and cholesterol low through- 
out. Plasma cloudy. 

20. Splanchnoptosis. — ^Lipoids practically normal. Plasma 
milky. (This blood was not obtained until it was 24 hours old-) 

IS. Anemia (?), Carcinoma of Stomach (9). — "Lecithin" low 
throughout. 

IJf.. Syphilis, Pernicious Anemia . — “Total fatty acids” slightly 
high. “Lecithin” very low in plasma, cholesterol low in plasma 


and corpuscles. “Fat” high in plasma. high throughout. 

I/. 

lOS and 109. LTcwop/iiha.— “Lecithin” low in plasma. Cho- 
lesterol also low, but little if any beyond the bounds of norma 
variation. 

87. Addison's Disease . — Lipoids practically normal. a 
slightly high in plasma. Total ether-soluble high but within t m 
normal limits. _ , 

Of these samples the following are practically normal 
both the amounts and distribution of the blood lipoids, la le e. 
(mild) (17 and 47); carcinoma of peritoneum (12); ° 

stomach (6); ciironic myocarditis (7); goiter (ll);spancin 
tosis (20); Addison’s disease (87), 


B. Summarxj of Data Regarding the Indtmdual Lipoids. 
" Total Fatly Acids.” 

Incrcascd.—Mitral stenosis (1) (corpuscles) ;diahetes (2 

debility ; chronic myocarditis (7) (corpuscles) , nia nu 
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(corpuscles); clironic nephritis (9); alcoholism (10); bronchial 
asthma (5); carcinoma of stomach (4); pernicious anemia (21), 
pernicious anemia (14), Addison’s disease (87) (plasma). 

Decreased. — Chronic myocai'ditis (plasma). 

‘‘Lecithin." 

Increased. — Diabetes (2 and 70) (plasma); chronic nephritis (9) 
(corpuscles). 

Decreased. — Diabetes (17) (plasma); carcinoma, anemia (4) 
(corpuscles) ; carcinoma, hemophilia (0) ; anemia (15); pernicious 
anemia (16) (corpuscles); pernicious anemia (21) (plasma); per- 
nicious anenria (82); carcinoma, anemia (13) (plasma); syphilis, 
pernicious anemia (14) (plasma); hemophilia (103 and 109) 
(plasma). 

Chotcslerol. 

Increased. — Diabetes (2) (plasma), (70) (plasma and corpus- 
cles); carcinoma, anemia (4) (corpuscles); carcinoma of peri- 
toneum (12). 

Decreased. — Diabetes (17) (plasma and corpuscles); malnu- 
trition (8) (corpuscles). Syphilis, alcoholic (10) (plasma); bron- 
chial asthma (5) (plasma); anemia (15) (plasma); pernicious 
anemia (82) (plasma and corpuscles) ;syphilis, anemia (14) (plasma 
and corpuscles) ; hemophilia (103) (plasma) . 

‘‘Fat.’’ 

High. — ^Mitral stenosis (1) (corpuscles) ; diabetes (47) (plasma) ; 
debility (3) (plasma); carcinoma, anemia (4) (plasma and cor- 
puscles); carcinoma, hemophilia (6) (plasma and corpuscles); 
chronic nephritis (9) (plasma and corpuscles) ; syphilis, alcoholic 
(10) (corpuscles); broncliial asthma (5) (plasma and corpuscles); 
anemia (15) (plasma and corpuscles); anemia (16) (plasma); 
anemia (21) (corpuscles); anemia (82) (corpuscles); Addison's 
disease (87) (plasma). 

Low . — Carcinoma of peritoneum (12) (plasma); malnutrition 
(8) (plasma). “Total ether-soluble” is outside the normal Imuts 
of variation in onty five cases. It is high in diabetes (2 and 70), 
carcinoma (4), and chronic nephritis (9); low in alcoholism (10). 
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C. Discussion of Lipoids of Pathological Blood. 

The constituent most often abnormal in value is thfe “fat" 
which is increased in fifteen and decreased in two of the twenty- 
five samples examined. The next in frequency of variation is the 
“lecithin,” decreased in thirteen and increased in three. Then 
come the “total fatty acids,” increased in twelve and decreased 
in one; then cholesterol which is increased in four cases and 
decreased in nine; and finally the “total ether-soluble” which is 
outside the normal limits of variation in only five samples. 

Abnormal values for cholesterol and “lecithin” occur most fre- 
quently in the plasma — ^the composition of the corpuscles tend- 
ing to remain constant with regard to these constituents. Varia- 
tions of “total fatty acids” and “fat” occur with almost equal 
frequency in plasma and corpuscles. The increases in “total 
fatty acids” in general result from increases in “fat,” the notable 
exceptions being the diabetics (2 and 70) where the “lecithin” and 
presumably also the cholesterol esters contribute. The increase 
of “total fatty acids” in the corpuscles is relative as well as abso- 
lute, the ratio — being high in fifteen out of the twenty-five 
L. 

samples. The low lecithin values in manj' cases also increase 
the value of the ratio. In the plasma the ratio ~ — is abnormal 

Ijt 

in eleven samples. 

The ratio L shows frequent abnonnality in the corpuscle? hut 

is remarkably constant in the plasma, being outside the normal 
figures in only six cases out of the twenty-five. The constant 
of the ratio suggests strongly”- a close relationship between t e vo. 
“Lecithin” has been found to increase during fat absorption 
all who have investigated this point,-’ and "lecithin t lere 
is definitely indicated as a step in fat metabolism. 1 

has been reported to increase similarly, and although this 
has not been corroborated by the author’s recent wor (a 
dming tlye first 8 hours after feeding), the constancy o 

tionship ^ w”hich persists in pathological conditions -I'f? 

strongly that cholesterol (as its esters ?) also has a » 

metabolism\although presumably at a later stage than 
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The above results indicate that the most characteristic features 
of pathological conditions are the increase in the “fat” of plasma 
and corpuscles and decrease of “lecithin” of the plasma. These 
are particularly interesting in view of the above finding that 
lecithin is probably a stage in the metabolism of the fats and that 
the lecithin formation takes place in the corpuscles, and would 
seem to indicate a diminished activity of this mechanism in 
diseased conditions. 'Wliere the increase in fat is not accom- 
panied b}^ abnormalities in the lecithin values, it might be inter- 
preted as the result of increased mobilization. 

Low cholesterol values occur almost always in those conditions 
where the vitality is low, as in blood samples 8, 10, 15, 82, 14, a 
finding which is in agreement with those reported in the litera- 
ture.-**' In this connection the recent work of McQrudden^’ 
is interesting. In a case of muscular weakness which he studied 
he found a relation between the severity of the condition and the 
low values for cholesterol and blood sugar. As the patient im- 
proved under treatment, the values for both blood sugar and 
cholesterol increased. lATiether there is any connection between 
the cholesterol and blood sugar could of course only be settled by 
extended study, but the fact that the cholesterol is high in severe 
diabetes (70) where the blood sugar is also high (0.26 per cent) 
is suggestive. 

With such limited data only the most general inferences can 
be made regarding individual conditions. In mild diabetes (17 
and 47, urine free from sugar and diacetic acid) the values for the 
blood lipoids are normal or below normal throughout and with 
no notable variations from the normal ratios. In severe diabetes 
(2 and 70) in relatively good clinical condition (urine containing 
small amounts of sugar but no diacetic acid) all the blood lipoids 
are increased — up to 100 per cent or more, but the ratios are 
again not notably disturbed. In none of these cases was there 
any lipemia (in the sense of cloudy or milky appearance of the 
plasma) in spite of the high lipoid values. The constancy of the 
ratios with the lack of visible fat in the plasma would seem to 
indicate that in diabetes under good treatment the fat-utilizing 
mechanism is functioning in a practically normal manner, although 
requiring in the severe cases a high lipoid “pressure” to keep it 
going. The increase of “lecithin” and cholesterol along with the 
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fat is in agreement with the findings of Fischer*^ and Klem* 
perer"' in diabetes. 

In anemia the low values for cholesterol in the plasma are not 
without significance, in view of the part which cholesterol is said 
CO play in protecting the corpuscles from the action of hemolytic 
agents, as suggesting a possible reason for the destruction of the 
corpuscles in these conditions. 

In hemophiha the low values for “lecithin” are suggestive in 
view of the connection of cephalin with blood clotting shown by 
Howell®- and the more recent obseiwations of Hurwitz and Lucas" 
that cephalin injected into the circulation increases 'the speed of 
clotting, also that local applications of cephahn to wounds quickly 
stops bleeding. 

SUMM.VRY. 

The term “lipoids” is used in this paper as a general term 
for alt those substances connected with the metabolism of the 
fatty acids, including the fatty acids, their naturally occurring 
compounds, and such substances as cholesterol winch' occur natu- 
rally in combination with the fatty acids and which are there- 
fore presumably connected with their metabolism. Reasons for 
the choice of the term are given. 

Complete analyses of the lipoids of the blood of twentt'-thrce 
normal and twenty-five abnormal persons are presented, together 
with ratios between certain of these hpoids. The more important 
results are as follows: 

Xormal Blood . — The “lecithin” content of the corpuscles n 
found to be approximately double that of the plasma, while 
the cholesterol and “total fatty acid” values are almost 
lower in the corpuscles than in the plasma. The value for leci- 
thin” in the corpuscles is generally about twice that of cholestcro . 
while in the plasma their values are nearly' equal. The ratio 
between these constituents! is quite constant in normal bloo ^ 
(especially plasma) and remains so in most of the patbologic- 
samples, suggesting a definite relationship between these con 
stituents, and making it probable that cholesterol (as its e-dew- 
has a part in fat metabolism. ] 

In the blood both of men and women the normal c 
value is about one-third that of the “total ether-solub e. 
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“lecithin” value is about the same fraction in men but is a little 
lower (one-fourth) in women. The amount of fat (glycerides) 
present in normal plasma is small. In the corpuscles it may be 
entirely absent. 

Pathological Blood . — The blood lipoids are normal throughout 
in onl}" eight of the twentj’-five samples, while the “total ether- 
soluble” (representing what is ordinarily termed “fat”) is within 
normal limits in twenty out of the twenty-five. The importance 
of the complete lipoid analysis in investigating abnormal con- 
ditions as against the ordinary determination of “fat” is thus 
einphasized. 

The most characteristic feature of pathological conditions in 
human beings is the increase of “total fatty acids” and “fat” 
- both in plasma and corpuscles, and the decrease of “lecithin” in 
the plasma. Since the “fat” is probabl}’ to be regarded as the 
inactive form of the body lipoids, the form in which thej’^ are 
stored — the raw material of fat metaboltsm — and the “lecithin” 
as the first step in its utilization, an undue accumulation of 
“fat” or a notablj"^ decreased value for “lecithin” probably indi- 
cates a diminished activity of the fat metabolism. The ratio 
(^) in the plasma is constant and normal in all but six of the 
pathological samples. 

In severe diabetes the blood lipoids are all greatl}' increased 
but the ratios between these constituents are practicall}' normal. 
In mild diabetes the blood lipoids are practical!}' normal. 

The low values for the cholesterol of the plasma in anemia 
are suggestive in view of the antihemolytic function ascribed to 
cholesterol. 

The low values for “lecithin” (which includes cephalin) in the 
plasma of hemophilia are noteworthy in view of the connection 
recently shown between cephalin (thromboplastic substance of 
Howell) and blood coagulation. 
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THE EFFECT ON NITROGEN PARTITION OF SUBSTI- 
TUTING ALCOHOL FOR SUCROSE IN AN 
OTHERWISE FIXED DIET. 

By FREDERICK S. H^UIiMETT. 

{From the Laboratory of Physiology of the College of Physicians and Surgeons, 
Medical Department of the University of Southern California, 

Los Angeles.) 
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IXTHODUPTION. 

In view of the great number of published reports on the physio- 
logical effect of alcohol, any furtljer effort may seem superfluous. 
As far as I have been able to determine, however, there has never 
been published a report of the effect on nitrogen partition of sub- 
stituting for sucrose an isodynamic amount of alcohol during an 
otherwise fixed diet. That alcohol under certain conditions causes 
a diminution in the total nitrogen excretion, in others an increase, 
and in some cases no change at all, is well known, and has been 
fully discussed bj' Atwater.' 

Salant and Hinkol- were the first to report detailed results of the effect 
of alcohol on the composition of urine. They used dogs exclusively as sub- 
jects and studied the problem from the standpoint of adding alcohol to 
the diet. They determined the amount and ratios present of total nitro- 
gen, phosphates, chlorides, and the various forms of sulfur. 

In the same year Mendel and Hilditch’ published the results of their 
work on the effect on nitrogen partition of adding alcohol to an otherwise 
fixed diet. They used men and dogs as subjects. They determined the 
total nitrogen, urea, ammonia, uric acid, purine-base, creatine, and cre- 
atinine nitrogen. 


' Atwater, W. 0., and others. Physiological Aspects of the Liquor Prob- 
lem, Boston, 1903, ii, 169. 

» Salant, \V., and Hinkel, F. C., J. Pharm. and Exp. Therap., 1909-10, 
i, 493. 

’ Mendel, L. B., and Hilditch, W. W., Am. J. Physiol., 1910-11, xxvii, 1. 
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These two series of investigations admirably complete the study 
of the effect of alcohol on the composition of the urine when the 
alcohol is added to the diet. However, thej’’ leave undetermined 
the effect on nitrogen partition of substituting isodjmamic quan- 
tities of alcohol for sucrose during an otherwise fixed diet. ■ 


BXPEBIMEJJTAL PBOCBDUEE. 

The subjects used in these e.\'periments were two men, A and 
B. Both subjects W'ere not unaccustomed to the mild use of alco- 
holic beverages. The diet was the same for both and consisted 
of the following foods in the amounts indicated. As far as possi- 
ble the same grade of food was consumed by both subjects 
throughout. 


Breakfast, 7 a. m. 


Grapenuts 30 

Orange juice 250 

Bread 50 

Butter 15 

Sugar 30 

Whole milk, cc 325 


Lunch, 12 m. 


ffm. 


Bread •. 150 

Butter SO 

Ham 33 

Apple pie 100 

Sugar 30 


Dinner, 6 p. m- 


pm. 

100 

100 

100 • 
50 

30 ■ 
30 


Potato 

Steak 

Corn (canned) 

Bread 

Butter 

Sugar 


Water 2,000 cc. per day for A and 1,500 cc. per day for B. 


Using Locke’s^ tables as a basis of calculation this diet yiel s 
about 2,800 calories and contains about 14 gm. of nitrogen. 

At the beginning of the experiment A weighed 50 kg. -'^1' ^ ® 
termination he weighed 61 kg. With A, the experiment iios 
divided into three periods, a preliminary period of 4 da5^s 
terminal period of 3 days diming which the diet was as given a e, 

and an intermediate period of 4 days’ duration. The le aU 
change consisted in substituting 40 cc. of rum for the 30 gnu 


sucrose in each meal. ^ 

At ^le beginning of the experiment B weighed 70 kg. - 
termination his weight ivas the same. With B the experm 


* Locke, E. A., Food Values, New York, 1915. 
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was likewise divided into three peiuods, consisting in this case 
of pieliminary and tciminal periods of 3 daj’^s each, during which 
the diet was as given above, and the intermediate period of 3 
days’ duration, the dietary change being the same as for A. 

The total nitrogen, ammonia, inic acid, creatinine, and creatine 
were determined according to the methods of Folin and his collab- 
orators. The urea was detei mined according to Marshall.^ 


nnsuLTS. 

The ingestion of the alcohol produced a phaimacological re- 
sponse consistent with the quantity and individual tolerance. 

The analytical results are shown in Tables I and II. The 
quantities noted represent the amounts of the various nitrogen- 
ous constituents excreted per 24 hours. 


TABLE I. 


Composition of Urine of A. 



Nitrogen partition 

In terms of total N. 

• 

Date 

Vol- 

ume 

fl 

V 

u 

8g 

7^ 

Is 

o 

7, 

e* 

o 

5 

% 

s 

2 

© 

c 

a 

1 

6 

2 

*H 

e 

2 

£ 

Undetermined 

N 

Z 

es 

o 

P 

z 

z 

Creatinine N. 

Unc acid N. 

Undetermined 

N. 

19IG 

cc 

CC 

gm 

gm 

gm 

gtn 

gm 

gm 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

Mar. 

14 

1,730 


8 98 

6 87 

m 

0 41 

0 14 

1 24 

76 5 

3 6 

4 6 

1 6 

13 7 

tt 

15 

1,720 


9 29 

6 98 

m 

0 44 

0 14 

1 39 

75 1 

3 7 

4 7 

1 5 

15 0 

U 

16 



9 66 

7 57 

0 34 

0 43 

0 12 

1 20 

78 3 

3 5 

44 

1 2 

12 6 

H 

17 

BoBil 


9 43 

MCI 


0 44 

0 13 

1 43 

75 2 

3 5 

4 5 

1 4 

15 4 

ll 

18 

1,760 

120 

9 69 

7 12 

0 29 

0 41 

0 13 

1 74 

73 5 

3 0 

4 2 

1 3 

IBlil 

tl 

19 

tmiim 

120 

9 17 

7 21 


0 45 

0 14 

1 07 

78 6 

3 3 

4 9 

1 5 

11 7 

u 

20 

1,860 

120 

9 30 

7 21 

is 

0 42 

0 14 

1 23 

77 5 

3 3 

4 6 

1 5 

13 2 

u 

21 

1,820 

■Wil 


7 24 


0 43 

0 12 

1 10 

78 8 

3 2 

4 6 

1 3 


It 

22 

1,720 



7 02 

0 29 

0 42 

0 13 

1 19 

77 6 

3 2 

4 7 

1 4 


u 

23 

1,820 


9n 

7 64 

0 29 

0 41 

0 12 

0 64 

83 9 

3 2 

4 5 

1 3 

7 1 

u 

24 

1,850 


9 22 

7 26 

0 29 

0 42 

0 14 

1 11 

77 7 

3 2 

4 6 

1 6 

12 9 


' Marshall, E. K., Jr., J. Biol Ckem , 1913, xv, 487. 
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Recent developments in the chemistry of the nucleic acids have 
renewed the interest of chemists in vicine, discovered by Ritt- 
hausen* over 40 j'ears ago. Schulze and Trier,- on the basis of 
Ritthausen’s analytical data, were able to recognize in vicine a 
P 3 wimidine glucoside. As such, the substance resembled the 
pjTimidine nucleosides entering into the composition of nucleic 
acid. As a hexoside, it had a possible bearing on the nucleic 
acids of the animal type. The fact that plant nucleic acids 
containing hexoses have not 3 'et been discovered, added still more 
mystery and interest to the subject; hence the simultaneous ac- 
tivit 3 ' of several laboratories in solving the problem of the struc- 
ture of vicine and divicine. 

Chronologically, the first paper after that of Schulze and 
Trier was one by Treat B. Johnson.^ Arguing from Ritthausen’s 
divicine data and from personal experience with Traube’s^ 
4,5-diamino-2,6-diox3'^pyTimidine, Johnson came to the conclu- 
sion that the two bases were identical. In the course of work on 
Traube’s^ diaminopyrimidines, 

‘ Ritthausen, H., and Kreusler, U., J. prakt. Chem., 1870, ii, 336. Ritti. 
hausen, H., ibid., 1873, vii, 374; 1881, xxiv, 202; 1899, lix, 480. Ritthausen, 
H., and Preuss, ibid., 487. Ritthausen, Ber. chem. Gcs., 1876, ix, 301; 
1896, xxix, 894, 2108. 

^ Schulze, E., and Trier, G., Z. physiol. Chem., 1910-11, Ixx, 143. 

^ Johnson, T. B., J. Am. Chem. Soc., 1914, xxxvi, 337. 

* Traube, W., Ber. chem. Ges., 1900, xxxiii, 1382. 

‘ Traube, Ber. chem. Ges., 1893, xxvi, 2556. 
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HN— C==0 HN—C=0 

i ! ■ ! ! 

HsN— C HC— NH. and 0=0 C— NH, 

!M ■ 1 !t 

N-~C=0 m—C—NH, 

2,5-Diainino-4,C'dioxypyriinidine. 4,5-Diamino'2,6-dioxypjTimidine, 


Johnson and Johns® discovered two reactions. The first led to 
the formation of uric acid by fusion of the 4,5-diamino base with 
urea; the second enabled them to distinguish an amino group in 
the 5-position by its color reaction .with molybdic acid solution, 
E. Fischer^ used the first of the two Johnson reactions to test 
the structure of divicine, but found that, on fusion with urea, it 
behaved differentl 5 '- from the 4,5-diamino base. He also obsen'ed 
that the two bases differed in their winter of crystallization. He 
W'as, how'ever, so much impressed b}’’ the logic of Johnson’s argu- 
ments that he accepted the 4 , 5 -diamino- 2 , 6 -diox 3 T)}Timidine 
structure for divicine, attributing the differences between the two 
substances to stereoisomerism. Thanhhauser and Dorfmtiller’ 
also accepted Johnson’s views and proceeded to prepare the 
nucleoside synthetically — ^they supposed, with success. 

Preceding Fischer’s pubh'cation by appro-vimately 10 weeks, ap- 
peared a note on vicine by Levene.® He reported experiments 
facts which led him to conclude that divicine w'as the 2,5- no 

the 4,5-diamino base. His conclusions were drawn from the simi 

larity between divicine and the 2,5-diamino base in respect o 
water of crystallization and behavior towards urea and towar s 
nitrous acid. The 4,5-diamino base differs in all three ® 
from both divicine and the 2,5-dianuno base. In a pnr a e e 
ter, Fischer accepted the conclusions of Levene, 

However, the entire question of the stmoture of mcme an i 
cine did not seem definitely solved. Tie views of 
the positions of the amino groups were based on ana ogj ^ 
behavior of the molecules as wholes. Direct chemica e\ 


« Johnson, T. B., and Johns, C. O., J. Am. Chem. Soc., 1914. 
970. 


r Fischer, E., Ber. chcm. Ges., 1914, .xlvii, 2611. 

* Thannhauser, S. J., and Dorfinutler, G., Bcr. c lem. 


1015, .xl'-ii- 


1304. 

® Levene, P. A., J. 


Biol. Chem., 1914, -xviii, 303. 
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was lacking. The present investigation furnishes such evidence 
regarding the location of the two amino groups. 

The presence of one amino group in the 2-position was demon- 
strated by the oxidation of divicine to guanidine. Manj’- 3'ears 
ago Fischer'® obtained guanidine on oxidizing 2-imidom’ic acid 
with potassium chlorate. It was expected that 2,5-diamino- 
4,6-diox.ypjTimidine would 3deld guanidine under the same condi- 
tions. The expectation was realized, and thus direct pi'oof was 
furnished of the presence of an amino group in the 2-position. 

Until now, the color test of Johnson has been the onl3^ evidence 
for the location of the second amino group. This evidence was 
also substantiated b3' direct chemical proof. Both divicine and 
the S3mthetic 2,5-diamino base were converted into 2-imido- 
pseudouric acid, which possessed a very definite ciystalline form, 
and ph3'sical properties cytTering from those of the 4-imidopseudo- 
uric acid obtained from the 4,5-diamino base. 

It was intended to convert both imidopseudouric acids into 
purine derivatives. 2-Imidouric acid was expected from one, 
uric acid from the other. The conversion into uric acid of 4- 
imidopseudouric acid was accomplished quite readil3\ Indeed 
this substance is probably an intermediate product in the uric acid 
S3mthesis of Johnson. The conversion into uric acid of 2-imido- 
pseudouric acid, obtained from either divicine or the synthetic 

2.5- diamino base, proved impractical under the conditions of the 
present work. The reactions, however, gave no uric acid. 

Occasion was taken to repeat the condensation of 4,5-diamino- 

2.6- dioxypyrimidine with urea. In Levene’s previous work, the 
substances prepared under the conditions described by Johnson 
and Johns, although quite granular and non-hygroscopic, were 
amorphous. Johnson and Johns made no reference to the cr3rstal- 
line character of their substance. Since a small amount of 
amorphous material had also been obtained b3'’ condensing urea 
with the 2,5-diamino base, it was concluded to make an effort to 
crystallize the substances formed by the condensation of each 
of the three bases with urea. Pure cr3'’stalline uric acid was ob- 
tained from the 4,5-diamino base, after the reaction product 
had been repeatedly dissolved in alkali and reprecipitated b3'^ the 

Fischer, Ber. chem. Ges., 1897, xxx, 571. 
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addition of acid. From the other two bases, it was veiy clifBcult 
or impossible to prepare a crystalline condensation product, and 
when it was obtained its ciystalline form differed entirel}’ from 
that of either uric acid or 2-imidopseudouric acid. 

The composition of the sulfates was also redetermined, since 
the analytical data previouslj’- reported were unsatisfacforj'. 
In spite of many reciystallizations, it was not possible to get 
perfectly definite results. Apparentlj" the sulfates luidenvent 
hydrolysis in the course of purification. Fischer, too, had arrived 
at the same conclusion regarding thesulfateof divicine. However, 
in a general way, the impression was substantiated that the sulfate 
of the 4,5-diamino base crj'-stallizes with more water of crj’stal- 
lization than does that of the 2,5-diamino base, and that in this 
respect the sulfate of divicine more closely resembles the latter. 

Hence, the structureof the base may ba regarded as conclusively 
established. Divicine is 2,5-diamino-4,6-dioxypjTimidine. 

Passing from the base to the whole vicine molecule, it appeared 
that even the most recent publications had left the data very 
incomplete. There remained discrepancies between the analytical 
values published by Ritthausen and the values required by the 
formulas suggested by either Johnson or Levene. Furthermore, 
Ritthausen had great diffieulty in preparing different samples o 
vicine of constant composition. Perhaps on this account Fischer 
considered the possibility of its being a polynucleosicle. An cfTor 
was therefore made to determine the conditions necessary to pr^ 
pare perfectly pure vicine. Tliese were attained when the su )- 
stance was recrystallized from water and dried widiout driving 
off its single molecule of water of crystallization. Eittlmns®' 
who was the onlj^ worker besides the authors to publish a^n 5-^ 
of vicine, recrystallized his material from alcoholic so u ion 
Partial dehydration probably’' caused his irregular results. 

In addition, the monomolecular nature of the nucle^ic e v 
demonstrated by molecular weight determinations. 
dence also shows that only one he.xose and one pjTinu i _ 
present in the molecule of vicine. The hexose was 
pendently by Levene and bj’ Fischer to be d-glucose. 
lowing formula for vicine is therefore suggested. 
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II II 1 OH 11 I 

no— c— c— c— c— c— c N — c=o 

H OH II II on II 

H.x— N IIC— XHj . HjO 

II 1 

N — C=0 

Vicinc. 

There remain two points to be cleared up in regard to the 
structure of vicine; the particular atom of the pyrimidine base to 
which the sugar is joined in glucosidic union remains unknown, 
and the a or p nature of this glucosidic linkage is still to be de- 
termined. Work on these questions is now in progress. 

EXPERIMENTAL PART. 

Preparation of Vicinc. — Onlj-^ two slight changes were made in 
the method of preparing vicine described by Levene.® 3 per cent 
sulfuric acid was used instead of 5 per cent in the e.\traction of the 
vetch meal. The filtrate from the mercuric sulfide was concen- 
trated to small volume, filtered, and cooled. The vicine crystal- 
lized out from the aqueous solution. The mother liquors were 
worked up for a further yield by the method of alcoholic extrac- 
tion. In this waj', a jdeld of about 2.5 gm. of vicine per kg. of 
vetch seeds was obtained. The substance was purified bj' re- 
crj'stallizing it from water. Bone-black was used as a decolorizer, 
and the amount of water necessary was 20 cc. per gm. of vicine. 
Two such treatments gave a product that was almost snow-white 
and pure enough for all but analj'tical purposes. “ 

Analysis of Vicine . — Vicine contains one molecule of water of 
crystallization. At 100° in vacuo over sulfuric acid, it loses this 
water very slowly, at 135° the loss is much more rapid, and at 
155° there is a slight discoloration before equilibrium is attained. 
Assuming the mononucleosidic formula, and adding to it one 

” To obtain the lipoids from vetch seeds, Dr. C. J. West extracted the 
seeds several times with 95 per cent alcohol. This extract was fraction- 
ated, and one fraction found to consist largely of vieme. When purified 
by rccrystallization from water, it proved to be identical with the material 
prepared as above. 
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molecule of water, the calculated anah-sis of 'I’icine agrees verj- 
ciosel3- with the figures found. A sample of the substance pre- 
pared bj' the method described above was recrj'stallized four times 
from water, and dried bj- exposure to the air. When further 
dried at room temperature in vacuo over sulfuric acid, its wcidit 
remained constant. 

0 1032 gm. substance gave 0.1401 gm. CO: and 0.0523 gm. H;0. 

0 1012 " “ required 12.45 cc. of O.I x HCI. 

0 0901 “ “ " 12.15 “ “ 0.1 “ " 

A portion of tliis material, when heated to 61° in vacuo over 
HjSOi, remained constant in weight. Another sample, when 
heated to 100° under the same conditions, lost weight ven' slowly. 
Tno portions were then heated to constant weight in vacuo over 
sulfuric acid, and the percentage of water lost was determined. 

1 This portion came to constant weight after 12 hours at 135°. There 
was no discoloration of the m.aterial. 0.5174 gm. substance lost 002S5 
gm Height 

II Tins portion came to constant weight after 18 hours at 155°. The 
material uas very slightly discolored. 1.0177 gm. substance lost 0.05''S 
gm weight 

Calmbted fo’* ^ 

CcHicytO-^rO: Fojsd, 

C 37.24 37.02 

H 5 63 5.67 

X J7.39 17.24 17.JS 

H;0 5.59 I. 5 51 II. 5 78 


I 0 1015 gm. drv substance gave 0.1442 gm. CO- and 0.0491 gm- 

0 1023 “ 

u 

required 13.35 cc. 0.1 x HCL 

0I0I4 “ 

tt 

“ 13.10 “ 0.1 “ “ _ 

ir 0 1043 “ 

tt 

gave 0.I4S9 gm. CO: and 0 0595 gm Ib 

0 1049 “ 

tt 

required 13.50 cc. 0,1 x HCi. 

OlOOS “ 

te 

« 13.15 “ 0.1 “ “ 


C 

H 

X 


Calculated for 
CitH,.X,0:: 

. 39.45 
5 30 
18 42 


Fojnd: 

I. 

3S.75 
5.41 

1S.29 IS.IO 


n 
3S 94 
5 42 

18 19 IS -2$ 


Molecular Weight of Vicine . — ^The molecular 


ccuiar n eigni oj i tci/ie . — auu - f thc'^ub- 

agrecs with the mononucleosidic formula. The fact t a ' 
stance is monomolecular shows that there can be on > one 
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and ^onlJ^ one pyrimidine group present in the unhj^drolyzed com- 
pound. The sample used for the determinations was purified by 
repeated crystallization from water, and dried at room tempera- 
ture w vacuo over sulfuric acid. The Beclonann boiling point 
method was used, with water as the solvent. 

0.S43 gm. subst.mee in 19. 4G gm. H^O gave a rise of 0.070°. 

0.49S “ “ “ 19.49 “ “ “ “ “ “ 0.044°. 

Assuming, on the b.asis of the analyses, that the substance contained 
5.C per cent wafer of crystallization, 

0.79G gm. dehydrated substance in 19.51 gm. H2O gave a rise of 0.070°. 

0.470 " “ “ ■“ 19.52 “ “ “ “ “ “ 0.044°. 

Calculated lor 
CioHisN^O?. Found: 

iMol. Wt 304 302 284 

Preparation of (he Sulfates of the Three Bases. — These substances 
were found to have anomalous compositions. In order to recrystal- 
lize them, it was necessary to dissolve them in hot dilute solutions 
of sulfuric acid, and to precipitate them by adding alcohol to the 
cold, filtered solutions. The samples were air-dried. Even so, 
when this method was repeated several times in what seemed to 
be an exactly simOar fashion, it was impossible to obtain sul- 
fate of 2,5-diamino-4,6-dio.xypyrimidme of constant composition. 
The analyses given are typical of the material used in the experi- 
ments later described. 

4,S-Diamino-2,6-dioxypyrimidine Sulfate. — This substance was 
prepared by the method of Traube.^ After several recrystal- 
lizations in the manner described above, a substance of constant 
composition was obtained. 

0.1974 gm. substance gave 0.1G71 gm. CO2 and 0.0775 gm. HjO. 


0.1008 “ “ required 19.25 cc. 0.1 n HCl. 

0.1000 “ “ “ 19.15 “ 0.1“ “ 

0.2024 “ “ gave 0.1048 gm. BaSO,. 

0.2007 “ “ “ 0.1043 “ 

Calculated for Calculated for ^ , 

(C 4 H 8 N 40 j) 2 HiS 0 i. 2 H 20 : (C4H«X<O2)2H2S0k 4H20: Found: 

C 22.95 21.13 23 09 

H 4.34 4-.8S 4 39 

N 26.80 24 65 26 75 26 83 

H2S04 23.45 21 59 21 76 21 84 
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2,5-Dimnino-4,6-dioxy'pyrimidine Sulfate. — ^This substance* was 
prepared by the method of Traube,® and recrystatlized several 
times in the manner described above. 

a. 0.1056 gm. substance required 21.10 ce. 0.1 Jf HCl. 

b. 0.0990 “ “ “ 19.80 " 0.1 “ “ 

The substance was recrystallized under conditions apparent!}’ 
exactly similar to the previous ones. 

c. 0.1009 gm. substance required 20.75 cc. 0.1 Jf HCl. 

d. 0.0980 “ “ “ 20.20 “ 0.1 “ “ 

Calculated for Calculated for 

(CiH«N<02)2HjS0<,0.5Hi0: (CiHsNiOOjHsSOj.H-O; Found: 

N 28.65 28.00 a. 27.99 b. 28.02 

c. 28.83 d. 28.88 

Divicine Sulfate. — 5 gm. of vicine were placed witli 10 cc. of 
20 per cent sulfuric acid in an unstoppered Erlenmeyer flask which 
Tivas then immersed in boiling w'a,ter. The vicine dissolved nothin 
a minute or two. After 8 minutes’ heating a crystalline precipi- 
tate began to form, and at the end of 15 minutes the contents 
of the flask were a thick paste. The flask was removed, its con- 
tents were diluted with alcohol, and the vessel w’as cooled in ice. 
The precipitate w’as filtered out and dried. The yield was about 
3 gm. No attempt was made to obtain this substance of constant 
composition. After recrystallization in the manner described 
above, a sample analyzed as follow’s: 

0.1024 gm. substance gave 0.0934 gm. COs and 0.0350 gm. HjO. 


0.1000 “ “ required 19.25 cc. 0.1 n HCl. 

0.0999 “ “ “ 19.30 “ 0.1“ “ 

0.3014 “ “ gave 0.1809 gm. BaS 04 . 

0.3009 “ “ “ 0.1799 “ “ 

Calrulated for Calculated for 

(C.mN.OjlsHjSOaO.SHjO: (C.H.NiO:)sH!SO, 2HiO: Found. 

C 24.53 22.95 24.89 

H 3.86 4.34 3-S2 

N 28.65 26.80 26.97 2i-0i 

TT..qn. (17 23.45 25.22 -o.l- 


Oxidation of the Sulfates. — The oxidation of the 
carried out by a method analogous to the one used by 
in the oxidation of 2-imidouric acid. 2.4 gm. of t le su • 
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were placed in a bottle with 18 cc. of h 3 "drochloric acid solu- 
tion made up of equal volumes of acid of sp. gr. 1.19 and of 
water. The bottle was shaken for 2 hours. During the first hour 
and a half, 0.5 gm. of potassium chlorate was added to the mix- 
ture. In no case did complete solution occm-. The reaction mix- 
tures were filtered and cooled. With the sulfate of the 4,5- 
diamino base, no precipitation occurred. With the sulfates of 
the 2,5-diamino base and divicine, cr 3 '^stalline precipitates formed. 
These were filtered out. All three solutions were then evap- 
orated to dr 3 ’ness in vacuo. The solid residues were taken up 
with alcohol, and the insoluble materials filtered out. Then the 
alcoholic filtrates were again evaporated to diyness in vacuo. 
The solid residues were dissolved in a few cc. of water, made 
allcaline with a little sodium h 3 ulroxide, and the solutions tested 
for the presence of guanidine. 

KClOi and 4,d-Diamino-2,6-dioxy'pyrinndine Sulfate . — Sodium 
picrate was added to the solution obtained from the sulfate of 
4,5-diamino-2,G-dioxyp3Timidine by the method just described. 
There was no precipitate. Guanidine is therefore not formed 
in the reaction. 

KClOt and 2,6~Diamino-4,6-dioxypyrimidine and Divicine 
Sulfates . — Sodium picrate was added to the solutions obtained 
from the sulfates of 2,5-diamino-4,6-dioxypyrimidine and divi- 
cine by the method just described. In each case a 3 ’-ellow precipi- 
tate appeared. These precipitates were filtered out and washed 
on the filter with water and ether. They were then dissolved in 
boiling water, and a little bone-black was added. The solutions 
were filtered and cooled. The precipitates which formed had 
the crystalline form found by Emich'” to be characteristic of 
guanidine picrate. Both precipitates were recrystallized from 
alcohol and dried in vacuo over sulfuric acid at 106°. 

a. Substance from 2,5-diamino-4,6-dio.xypjTimidine sulfate. 

0.0864 gm. substance gave 22.2 cc. of N at 26.1° and 759 mm. 

b. Substance from divicine sulfate. 

0.0868 gm. substance gave 22.05 cc. N at 26.4° and 766.5 mm. 

Calculstef] for 

CtHsNbO;: Found: 

N 29.18 a. 29 28 b. 29.21 


Emich, F., Monalsh. Chem., 1892, xii, 23. 
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These figures are considered to prove that the substance is in both 
cases guanidine picrate. 

The formation of guanidine picrate from divicine and 2,5- 
diamino-4,6-diox5'-pjrrimidine, and its non-formation from 2,6- 
dioxy-4,5-diaminopjmimidine show that divicine has an amino 
group in the 2-position. 

Treatment of the Sulfates with Urea. — Tiiis work is a repetition 
and confirmation of the work of Johnson and Johns® and Fischer.^ 
In each case, 1 gm. of the sulfate was triturated with 1.5 gm. of 
urea and heated in a hard glass test-tube for 1 hour at 160-170'’. 
The melt was then cooled and dissolved out with water. In every 
case the reaction mixture contained some insoluble material. 

Urea and ^,6-Diamino-2,6-dioxypyrimidine Sulfate. — ^To the 
reaction mixture obtained from 2 gm. of material by the method 
described above, potassium hj-^droxide was added until the 
solid was nearlj^’ all dissolved. The solution was then acidified 
with acetic acid. A heav}'^ amorphous precipitate appeared. 
This was filtered out, dissolved in 200 cc. of hot dilute potassium 
hydroxide, and poured into 250 cc. of hot 6 per cent hydrochloric 
acid. The precipitate formed was perfectlj’’ crystalline. Itwas 
filtered out, washed with water and alcohol, and dried in vacuo 
over sulfuric acid. The yield was 1.1 gm. The substance gave 
the mure.xide test with nitric acid, and formed with silver ni- 
trate a white complex insoluble in ammonia. 


0.101.3 gm. substance gave 0.2115 gm. CO 2 and 0.03S0 gm. HjO. 
0.1003 “ “ required 23.85 ec. 0.1 N HCi. 


Calculated for 
COIi-XiOj: 

C 35.09 

H 2.40 

33.34 


Found: 

33.76 

2.W 

33.31 


These results show that the substance is uric acid. _ 

Urea and Divicine and 2,5-Diamino-4,d~dioxypynnu me 

Sulfates. — In both cases a little acid was added to the ' 
reaction mixtures obtained bj’’ the method described 
the effect of increasing the amounts of precipitate. 
filtered out, boiled with bone-black in a little ‘water, an 
tion.s filtered and cooled. The precipitates formed uere ^ 
out ai^d each dissolved in a little boiling water. In eac 1 ca. , 
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filtered solution gave a very slight jn-ecipitate on coohng. In the 
case of the substance from 2,5-diainino— IjG-dioxj'pyrunidine sul- 
fate, this precipitate, although ciystalline, did not in the least re- 
semble the characteristic needles of 2-imidopseudom-ic acid. In 
the case of the substance from divicine sulfate the final precipitate 
was completelj- amorphous. Xo trace of uric acid was observed 
in cither case. 

The formation of uric acid by fusion with urea strikingly dif- 
ferentiates the sulfate of the 4,5-diamino base from the sulfates 
of divicine and the 2 ,o-diamino base. 

Preparation of I rnidopseiidoitric Acids from the Sulfates . — Both 
of the Synthetic sulfates, on being treated with potassium cya- 
nate, 3 'ielded an imidopseudouric acid cr 3 ^stalhzing nith one 
molecule of water. One of them, the 2-imidopseudom'ic acid 
made from the 2,5-diamino base, has alread 3 " been described 
b 3 ' Traube;'^ the other, the 4-imidopseudouric acid from the 
4,5-diamino base, is reported here for the first time. Anal 3 'sis 
showed that the new compound contained a molecule of water of 
crystallization and was isomeric with the one described by Traube. 
Its conversion into uric acid (to be described later) showed that the 

— C— NH. 

D 

O 

group must be attached to the amino group in either the 4- or the 
5-position. Since the compound, like Traube’s imidopseudouric 
acid, gave no blue color with mol 3 ’^bdic acid in alkaline solution 
(Johnson’s test for an amino group in the 5-position), it was 
concluded that the 

— C— NH2 

II 

O 

group was attached to the amino group in the 5-position, and the 
following structural formula was assigned to the compound: 

HN — C=0 

I 1 

0— C C— XH— C— NH. 

I I! " 

HN— C— NH. ^ . HiO 


Traube, Bcr. chem. Oes., 1S93. xxvi. 2558. 
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The differences noted betn-een the tvro substances were as 
follows; 


2-1 midopseudouric Acid. 

1. Crystallized in long needles 
■ (Fig. 1).' 

2. At 100°, 1 liter of water dis- 
solved 1.0 gm. 

3. Lost its water of cr 3 -staniza- 
tion in S hours at 135° in vacuo over 
sulfuric acid. 


4-ImidDpseudouric Acid. 

Cr^'stallized in oblong plates 
(Fig. 2). 

At 100°, 1 liter of water dis- 
solved 7 gm. 

Lost its water of crj'staliization 
in 40 hours at 135° in vacuo over 
sulfuric acid. 


In all three respects, the substance obtained from the sulfate 
of divicine (Fig. 3) was identical with the substance obtained 
from the sulphate of tlie 2,5'diamino base. This evidence con- 
firms the view that divicine has an amino group in the 5-position. 
At the same time, certain differences in behavior between the 
sulfate of divicine and that of the 2,5-diaraino base were noted. 


Sulfate of (he S,S-Diami?io Base. 

1. When this substance was 
poured into boiling KOCX solu- 
tion, a marked purple color ap- 
peared, which onij- vanished after 
being boiled some 10 minutes. 

2. The jdeld of 2-imidopseudo- 
uric acid obtained from the above 
reaction was about 0.55 gm. per gm. 
of sulfate used. 


Stdfalc of Divicine. 

When this substance was poured 
into boiling KOCX solution, only 
faint and fugitive traces of purple 
color could be observed. 

The j’ield of 2 -imidopseudouric 
acid obtained from the above reac- 
tion was about 0.04 gm. per gm. of 
sulfate used. 


C oncerning the cause of these differences no explanation can be 
offered. The method of preparing the imidopseudouric acid was 
the same in all three cases. 2 gm. of sulfate were poured into a 
boiling solution of 10 gni. of potassium cyanate in 20 cc. of water. 
After about 2 im'nutes’ boiling, 4 gm. of solid potassium cyanate 
were added and the boiling was continued for 10 minutes more, 
or, in the case of the sulfate of the synthetic 2 , 5 -diamino base, 
until the purple color had vanished. Then the hot re.action 
mixture was poured into an excess of hot 5 per cent iwdroc i one 

_ . 

1. midopseudouric Acid from the Sulfate of the 
Base. — ^ll'hen the hot acid solution, obtained as describe a )o\ 
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was cooled, a ciystalline precipitate, only slightly contaminated 
by amorphous material, appeared at once. This was filtered out 
and dried. The yield was about 0.45 gm. per gm. of sulfate used. 
The substance was then boiled with bone-black in water, using 
about 135 cc. of water per gm. of material. IVhen the filtered' 
solution was cooled, the substance ciystallized out almost color- 
less. This product was reciystallized four times from water, the 
hot solution being filtered each time. 

£. 2-Imidopscudouric Acid from the Sulfate of the 2,6-Diamino 
Base. — When the hot acid solution, obtained as described above, 
was cooled, a crystalline precipitate, only slightly contaminated 
by amorphous material, appeared at once. This was filtered out 
and dried. The jdeld was about 0.55 gm. per gm. of sulfate used. 
The substance was then boiled with bone-black in water, using 
about 650 cc. of water per gm. of material. Wlien the filtered 
solution was cooled, the substance ciystallized out snow-white. 
This product was reciystallized twice from water, the hot solution 
being filtered each time. 

3. 2-Imidopseudouric Acid from the Sulfate of Divicine . — 
'Vilien the hot acid solution, obtained as described above, was 
cooled, the ciystalline precipitate only appeared after several days’ 
standing, and was then contaminated by much amorphous im- 
purity. The substance was filtered out and dissolved in boiling 
water, using about 650 cc. per gm. of material. The precipitate 
formed on cooling was filtered out, and the process repeated once 
or twice more until the pure white material showed no trace of 
amorphous impurit 3 ^ The substance was then filtered out and 
dried. The yield was about 0.04 gm. per gm. of sulfate used. 
This product was recrystallized four times from water, the hot 
solution being filtered each time. 

In all three cases, the final materials were dried in vacuo over 
sulfuric acid at room temperature. No one of them gave a blue 
color with molybdic acid in ammoniacal solution. Portions of all 
three substances were heated at 135° in vacuo over sulfuric acid. 
The 4-imidopseudouric acid came to constant weight after 40 
hours of heating; the two samples of 2-imidopseudouric acid after 
8 hours. 
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4-Imidopseudounc acid from the sulfate of the 4,5-diainino base. 
0.1024 gm. substance gave 0.1112 gm. CO 2 and 0.0408 gm. HjO. 

a. 0.0750 “ “ required 18.00 cc. 0.1 N HCl. 

b. 0.0755 “ “ “ 18.65 “ 0.1 “ “ 

0.3969 “ “ lost 0.0341 gin. weight when heated. 

Dehi'diated material. 

a. 0 0730 gm. substance required 19.75 cc. 0.1 n HCl. 

b 0 0772 “ “ “ 20.65 “ 0.1" " 

2-Imidopseudouric acid from the sulfate of the 2,5-diamino base. 

0 1038 gm substance gave 0.1126 gm. CO; and 0.0416 gm. HjO. 
a 0 0749 “ “ required 18.30 cc. 0.1 N HCl. 

b 0 0755 “ “ “ 18.55 " 0.1 “ “ 

0 5191 “ “ lost 0.0466 gm. weight when heated. 

Dehydrated material. 

a 0 0791 gm. substance required 21.20 cc. 0.1 if HCl. 

b 0 0980 “ “ “ 26.40 “ 0.1“ “ 

2-Imidopseudounc acid from the sulfate of divicine. 

0 1008 gm substance gave 0.1082 gm. CO; and 0.0413 gm. HjO, 
a 0 0523 “ “ required 12.85 cc. 0.1 n HCI. 

b 0 0503 " “ “ 12.30 “ 0.1 “ “ 

0 1004 “ “ lost 0.0088 gm. weight when heated. 

Dehydrated material. 

a 0.0455 gm substance required 12.25 cc. 0.1 n HCl. 

b 0.0461 “ “ “ 12.35 " 0.1 “ “ 



Conversion of the Pseudouric Acids into Uric Acids, 
originallj' intended to convert the 4-imidopseudouric acid an 
2-imidopseudom‘ic acid from both the synthetic and the na ura 
pyrimidines into uric acid and 2-imidouric acid, 

But the, very poor yields of 2-imidopseudouric acid obtainec ro ^ 
the sulfate of divicine prevented the carrying out of t le a . 
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Uric Acid from 4-Imidopsetidouric Acid . — ^Tliis conversion was 
carried out by a method similar to that used by Fischer"> in con- 
verting 2-imidopseudouric acid into 2-imidouric acid, the only 
difference being that a molecule of ammonia instead of a molecule 
of water was eliminated. 

HN— C— O 

I I H 

0=C C— N— C— Nfl. 

I II ^ 

HN— C— NHj^ 

1 gm. of 4-imidopseudoui’ic acid was sealed in a bomlr tube with 
3 cc. of concentrated hydrochloric acid, and heated for 2 hours at 
120°. The tube was constantly shaken during this period. When 
cooled and opened, its contents consisted of a brownish granular 
mass insoluble in water. This substance was dissolved in dilute 
sodium hydroxide, the solution boiled with bone-black, filtered, 
and poured into an excess of hot, dilute hydrochloric acid. There 
was an immediate ccj’^stalline precipitate. This was cooled, filtered 
out, and dried. The yield was 0.6 gm. The substance was boiled 
for 20 minutes with 100 cc. of 5 per cent hydrochloric acid, and 
filtered out. Then the purification process was repeated once 
more in an exactly similar fashion. The final material was per- 
fectly crystalline and almost pure white. It was filtered out, 
washed with water, and dried in vacuo over sulfuric acid at 106°. 
The substance gave the murexide test with nitric acid, and formed 
with silver nitrate a white complex insoluble in ammonia. 

0.0995 gm. substance gave 0.1305 gm. CO 2 and 0.0233 gm. HsO. 


0.0754 “ “ required 18.00 cc. 0.1 n HCl. 

0.0766 “ “ “ 18.25 “ 0.1 “ “ 

Calculated for 

CtHiNiOj: Found: 

C * 35.69 35.77 

H 2.40 2.62 

N 33.34 33.45 33.38 


These data are considered to prove that the substance is mac 
acid. 


HN— 0=0 

I I H 

0=0 C— N-. ' + NHo 

I I! }c = o 

HN— C— n/ 

H 
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EXPLAXATIOX OF PLATE 6. 

Fig 1 2-Imidopsoudouric acid from the sulfate of 2,5-diamino-4,6-di* 
o\\ pj nnudine 

Fig 2 4-Imidopseudouric acid from the sulfate of 4,5-diatnino-2,6-di- 
o\\p_\ rimidine 

Fig 3 2-rmKlopseudourrc acid from the sulfate of divicine. 








THE PREPARATION OF GUANIDINE SULFATE. 

Bv P. A. LEVENE and JAMES K SENIOR. 

{From the Lahoratorics of The Roelcfclle) Inilitnlc for ilcdieal Researeh.) 

(Received for publication May 31, 1916 ) 

In the course of work on divicinc' it was necessary to 
prepare large quantities of a guanicline salt from which free 
guanidine could easily be obtained. The sulfate and carbonate 
suggested themselves, since both would give the free base on being 
treated with barium hj’droxide. As no convenient method for 
preparing these salts could be found in the literature, it was 
necessaiy to devise one. Tins was successfully accomplished, 
and the preparation is here described m the hope that it may be 
of use to others. 

The starting material was dicj'andiamide 

NH 
il H 

HjN-C-X-C^N 

which was easil}' prepared from crude commercial calcium ej'an- 
amide by the method of Soli and Stutzer.^ The yield was about 
loo gm. per kg. of crude material. 

0.0523 gm. substance required 24 75 cc 0 1 n HCl. 

0 0515 “ “ “ 24 30 “01 “ “ 

Calculated for 

C-HiNi Found 

N 66 65 66 30 66 11 

100 gm. of diejmndiamide were mixed in a 2 liter wide-mouthed 
round-bottomed flask with 200 cc. of 75 per cent sulfuric acid. 
After about 2 minutes the substance grew verj^ hot, and there 
was a violent evolution of carbon dioxide which lasted for several 


■Levene, P. A., and Senior, J. K., J. Biol. Chem , 1916, xxv, 607. 
’ Soli, J., and Stutzer, A., Ber. chem. Ges., 1910, xlii, 4533. 
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Guanidine Sulfate 


minutes. T^Tien this spontaneous reaction had nearfy ceased, 
the flask was gently heated on a Babo funnel for 5 minutes, at a 
temperature sufiicient to keep a good stream of gas coming off. 
The flask was then allowed to cool. At the moment when the 
contents began to solidif 3 >-, 1,500 cc. of 95 per cent alcohol were 
added. The mixture was then cooled in the ice chest over night. 
The sohd material (which consisted of almost pure ammonium 
sulfate) was filtered out and washed with 95 per cent alcohol. 
The filtrate and washings were combined and concentrated to 
a volume of about 300 cc. The liquid wms then transferred to 
a large flask on the steam bath, and, while constantlj’’ stirred, 
was neutralized with barimn carbonate. The solid barium salts 
were then filtered out. The liquid, which was usually a trifle 
alkaline, was just neutralized with dilute sulfuric acid, and con- 
centrated to a volume of about 200 cc. It was then filtered and 
further concentrated to a thick oil. This oil was poured into 1 
liter of 95 per cent alcohol. TlTien stirred and scratched, it slowly 
solidified into a crystalline mass. The flask was cooled in the ice 
chest, the solid filtered out, wmshed with 95 per cent alcohol, and 
dried m the air bath at 100°. The yield was 125 gm. 


a. 0.0501 gm substance required 13.00 cc. 0.1 n SCI. 

b. 0 0509 “ “ « 13.15 “ 0.1 “ “ 

a. 0.3008 “ “ gave 0.3162 gm. BaSO<, 

b. 0.3023 “ “ “ 0 3175 “ 


N 

H5SO4 


Calculated for 
(CNjHOrHjSOi: 

38.88 

45.36 


Found' 


36.35 
44 17 


b 

36.20 

44.13 


The nature of the impurities present was nev cr determined .is 
the substance was sufficiently pure for the desired purposes, an 
was used w'ithout further refinement. 



THE PITUITARY GLAND. ITS EFFECT ON GROWTH 
AND FISSION OF PLANARIAN WORMS. 

Bt ROSALIND WULZEN. 

(From the Rudolph Sprockets Physiological Laboratory of the University of 
California, Berkeley.) 

(Received for publication, May 2, 1916.) 

The recorded effects of the pituitar3’’ gland on growth and repro- 
duction are so varied that further investigation of the subject 
seems to be desirable. 

. Many* have found an inhibition in growth. On the other hand, Robert- 
son and Burnett^ report acceleration in growth of carcinomata, and Robert- 
son’ gives convincing experiments pointing to an early retardation and a 
later acceleration of growth in white rats. Goetsch* also reports increase 
in growth with rats imder pituitary feeding. Some have observed in 
addition a se.xual effect. Cushing* points out the wide occurrence of se.xual 
disturbances as an accompaniment of pituitary disorders in clinical cases. 
He and also Aschner’ find that the operative removal of the pituitary in 
young animals leads to sexual infantilism. Behrenroth' and Goetsch* 
have observed precocious sexual development accompanying treatment 
with the pituitary gland. Clark’ gets increased egg production of hens 
on feeding pituitary. Pearl,* on the other hand, finds that in pullets 
pituitary substance does not bring about an earlier activation of the ovary 
than occurs in controls. 

A local planarian worm Planaria macidata was selected as a 
good subject for experimentation because it vdll live and thrive 

■ * Cerletti, U., Arch. Hal. biol., 1907, xlvii, 123. Sandri, O., ibid., 1909, 
li, 337. Goetsch, E., and Cushing, H., cited by Cushing, The Pituitary 
Body and Its Disorders, Philadelphia, 1912, 11. Aldrich, T. B., Am. J . 
Physiol., 1912, xxx, 352; 1912-13, xxxi, 94. Wulzen, R., ibid., 1914, xxxiv, 
127. Pearl, R., J. Biol. Chem., 1916, xxiv, 123. 

’ Robertson, T. B., and Burnett, T. C., J. Exp. Med., 1915, -xxi, 2S0. 

’ Robertson, T. B., J. Biol. Chem., 1916, xxiv, 3S5. 

* Goetsch, E., Bull. Johns Hopkins Hasp., 1916, xxvii, 29. 

’ Aschner, B., Arch. ges. Physiol., 1912, c.xlvi, 1. 

• Behrenroth, E., Deuisch. Arch. klin. Med., 1914, cxiii, 393. 

’ Clark, L. N., J. Biol. Chem., 1915, xxii, 4S5. 
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Pituitary Feeding 


upon a meat diet exclusively, and because its small size makes 
possible the administration of a constant excess of food. Also the 
readiness with which it reproduces in the laboratory makes eas}’ 
the study of the effects of diet upon this function. Child,® who 
has made exhaustive studies of the process of fission in Plamria, 
holds that the formation of a new worm from the piece resulting 
from fission "is as truly a reproduction as the process of the 
formation of a planarian from the egg.’’ Hence changes in the 
rate of fission would indicate changes in the reproductive func- 
tion of the worms just as surely as would changes in the rate of 
production of offspring by a mammal. 

After being collected the worms were fasted in the laboratorj' 
for at least 2 weeks. In the second series ver3'' small worms were 
used. These were obtained by allowing tips cut from the pos- 
terior ends of fasting worms to regenerate. They then had a 
length of 3 mm. or less, and according to Child® must be considered, 
as very young worms. The animals were kept in finger bowls 
and the water upon them was often changed. They were fed 
almost without exception four times a week and were always given 
more than they could consume. The food was left before them 
over night. Throughout the experimbnt they gathered upon all 
varieties of meat given them and ate greedily. Data were col- 
lected upon the occurrence of fission, changes in length, and the 
final weight. The worms were measured in a flat-bottomed dis i 
under which was a rule that could be moved. They w'ere stirre 
to stimulate them to move with the maximum extension, and as 
they passed over the lines of the ruler they were measured. H n e 
this method is not exact because of the varying tonus of the worms, 
the measurements obtained indicate the size with an accuracy 
amplj’’ sufficient for the purposes of the e.xperiment. 


EXPERIMENTAXi. 

In the first series the rvorms were divided into three lots. , 

below' 5 mm., those between 5 and 10 mm., and the larges ® ’ 
which measured a little below' or above 10 mm. Eac o 
again divided into two equal portions, one of which was e 
pars glandularis of ox pituitary and the other upon iver. 

8 Child, C. M., Arc/t. Enlwcklngsmechn. Organ., 1913, xxxv, 595. 
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worms soon began to divide so that measurements of the original 
individuals became useless. It seemed best to consider all the 
new worms as still being a part of the worm from which thej’^ 
sprang. Hence to got the average size of a group, all the pieces 
of planarian in the dish were measuied and the sum was divided 
by the original number of worms in that group. In considering 
the length one must bear in mind that the new worms produced 
b}’ fission elongate b\’ readjustment of substance to take on the 
typical form. This would tend to increase the length of planarian 
substance of worms which had di\’ided often over those which 
had not. On the other hand, newR divided worms do not eat 
for some time. Those which have not dndded are eating and 
gi'owing in this interval. The two factom tend to counterbalance 
each other. Feeding began in October, and the dates given as 
final were taken in March. At the conclusion the worms in each 
dish were weighed after being dried with filter paper. The 
results are stated in Table I. 


TABLE I. 
Series 1. 


Group 

Original No. 

Final No 

S 

o o 

£i 
> « 
< 

Ratio of in- 
crcaao 

Original total 
longth 

Final total 
length 

O o 

o 

> W 

Ratio of 111- j 
crease 

Final total 
weight 

Final average 
weight. 

Ratio of final 
weight. 

A. Small. 

Liver. . | 27 



1 

mm. 

141 

mm 

356 

mm 

7 9 

1 

gni 

0 159 

gm. 

0 005SS 

1 

Pituitary 27 

73 

1 70 

3 54 

IIG 

514 

14 7 

1 86 

0.197 

0 00729 

1 23 

B. Medium. 

Liver . j 32 

S5 

1 65 

1 

214 5 

918 5 

22 

1 

0 49G 

0 0155 

1 

Pituitary} 33 

132 


1 81 

254 

951 5 

21 1 

0 95 

0 395 

0 0119 

0 76 

C. Large. 

Liver., I 22 

GG 


1 

251 

788 

24 4 

1 

0 283 

0 0129 

1 

Pituitary} 19 

78 

Hi 

1 55 

18G 

GS3 5 

2G 1 

1 OG 

o 

to 

0 ^ 

0 0144 

1 11 


It, will be noted that the rate of fission in Planaria fed upon 
pituitary is in aU cases decidedly larger than in the controls. 
The worms which were smallest in the beginning show the greatest 
effect, their rate of division being 3.54 times as great as that of 
the controls. The medium worms show an increase 1.81 times 
as gieat, and the largest worms 1.55 times as great as those fed 
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on liver. In length the medium and large pituitar}' worms devel- 
oped almost equally with the controls. But the small worms 
increased 1.86 times as much in length as those fed on liver. 
Though the weights were not taken at the beginning of the 
experiment they must have been very nearly equal for the two 
divisions of each group, because the wprms were equal in measure- 
ment and were in a starving condition at the time. 

Here again we see a real difference in weight in favor of those 
fed upon pituitary in the case of the smallest worms. With the 
medium worms the controls are heavier. It should be remem- 
bered, however, that the worms fed upon liver have the appear- 
ance of being fatter than those eating pituitary. It seems that 
the liver diet leads to a storage of reserve material. If this is 
true, the weight of the hver-fed worms is greater than it should 
be, and any excess in favor of pituitary feeding, as shown in Group 
A, is more significant. During the time of this experiment the 
larger worms do not show a definite difference from the controls 
in length or weight. Judging, however, from the results obtained 
with small worms, these larger worms ought also to exceed the 
controls, were the time sufficient for the new individuals, produced 
by fission and subjected from inception to pituitary mfluence, 
to become adults; Group B is being continued with this idea rn 
mind. 

'A second series was undertaken to demonstrate, if possibe, 
differences in the effect of the various portions of the pituitap^- 
Because of the uncertainty arising from fission in the first senes 
and because of the greater effect noted in the younger individua s, 
very small worms were chosen for this experiment. The} veye 
almost all less than 4 mm. in length. Six groups nearly equa m 
size and number were formed. Group 1 was fed on pars g an u 
laris. A portion well away from the cleft and in the cen er o 
the gland was used ; this includes the cone of sinusoid vesse s u « 
pass from hilus to stem and contain large amounts o ' 
Group 2 was fed on cone substance. The cone is a. s rue 
appearing upon the pars intermedia in the ox pitm ao • 
obtaining this food it was so cut that no pars interme i 
included with it. A large number of glands yield on } a 

s Wulzen, R., Anal. Bee., 1914, vHi, 403. 
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amount of this substance. Group 3 was fed on pars intermedia 
cut carefully away in strips from pars posterior. Group 4 was 
given a portion of pars posterior from which pars intermedia was 
cut away. Group 5 had liver and Group 6 white matter of the 
brain. The feeding was continued until fission began to inter- 
fere with the results. After this no moie food was given, but the 
dishes were allowed to stand so that the number of fissions might 
be obsenmd. The data appear in Table II. 


TABLE II. 
Scries S. 
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glandularis show ah undoubted excess both in size and weight 
over the liver-fed controls. Those receiving pars intermedia have 
also increased in size and weight though not quite so much. The 
brain-fed worms which were intended as controls did not grow 
at all after the first 2 weeks. The varying values for their length 
are explained by the death of a considerable number of indi- 
viduals. The meaning of this inhibition is unlcnown and will 
be investigated further. A striking result is to be noted in the 
number of new individuals produced by fission. No matter what 
the portion of pituitary fed, the rate of fission was greatly in- 
creased thereby. Pars glandularis and pars posterior gave a rate 
more than ten times as great as liver, while pars intermedia showed 
a rate almost six times, and cone substance one almost four times 
as great as liver. 


DISCUSSION. 

These experiments indicate positive effects on growth and repro- 
duction when pituitary is fed to planarian worms. But they 
indicate further a separation in these effects. In Series 1, in- 
creased groivth is shown in a pronounced way only by those worms 
which had received the diet from a very early period, while the 
effect on reproduction is marked no matter what the size (that 
is, age) of the worms when feeding was begun. 

This result is one which reproduces a series of experiments of inj own 
upon the growth of chicks. These experiments have not been previous j 
reported by me as they needed the conSrmatory evidence from ut 
sources which now exists. In the first experiment I succeeded in raising 
two cocks from baby chicks to the age of 9 months. One receive argc 
amounts of fresh pars glandularis of ox pituitary, about tJo ' 

weight, almost every day. The other had corresponding amounts ° 
During the early growth period the pituitary-fed chick showed in i i ' 
of growth as did the chicks in my recorded experiments' and a so i 
of Pearl.' However, when they became 4 months old, the contro s o 
growing rapidly -while the pituitary cock continued its 
in 3 weeks had become larger and heavier than the contro . n® , j . 
continued until the pituitary cock surpassed the control ® ‘ 

Its weight was- then 1,882 gm. while that of the control was I,o | 

foot measured 206 mm. against 157 mm. of the control. This . v , 

ment exceeded that of any of the twelve cooks raised subsequen 
presently to be reported. The resemblance between this '"O®” „;fuitary 
reported by Robertson' is remarkably close. Purthermore, 
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cock began to crow at the age of 2 months, 2 -n-ccks before the control, 
and throughout its life it crowed much oftencr than did the control. 
The fcatlioring of the pituitary cock was much handsomer, whiter, and 
silkier, and the feathers were longer and more downy than the control’s. 

In another series, twelve cocks, of the same breed as the above, were 
divided into two equal groups. Each cock in one group received about 15 
gm. of fresh pars glandularis almost every day, while the others received 
the same amount of liver. Tliey were -1 months old at the start and had 
not attained their full growth. The feeding continued for 3 months and 
at the end of that time no distinction could bo made between the two 
groups as to size. But the crowing showed the same difference as before. 
It was counted for certain intervals of time in the middle of the day. Dur- 
ing the major part of the e.\periment there were always many more crows 
given by the pituitary cocks than by the controls. Sometimes these would 
crow twenty times before the others crowed once. .\t the conclusion of the 
experiment the 3 ’ were crowing more equally, but it secerned as though all 
crowed more continualh" than do ordinarj- cocks. If the two lots could 
have been separated, the difference in number of crows would undoubtedl}’ 
have been greater still and would probablj’ have persisted to the end. 
The vigorous crowers alwaj’S started the others going and kept them at it. 

Thus it seems tvith both fowl and Planaria that the feeding 
of pituitary must be begun in extreme youth and continued over 
prolonged periods in order that the effect on growth may appear. 
On the other hand, its effect upon reproduction in Planaria and 
the secondary sexual character of crowing in fowls is clearl}’- 
defined even when feeding is begun with individuals well along 
toward the adult condition. The failure of pituitary feeding 
begun in the adolescent period to accelerate the growth of fowl 
might well be due to the advanced stage of ossification in the 
bones, but this cannot be true of the flat worms where there is 
no known anatomical difference between veiy large and ver}^ 
small individuals. 

This perhaps indicates a distinction between the substance 
which produces growth and that which affects reproduction. The 
idea that some difference exists is strengthened by the second 
series of experiments with Planaria. These show that growth is 
accelerated by pars glandularis and pars intermedia but not at 
all by pars posterior, whereas rate of fission is increased bj^ pars 
glandularis and pars posterior equallJ^ It seems as though the 
substance which acts upon reproduction is stored everywhere in 
the gland and it is therefore able to show its effect when com- 
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paratively small quantities are eaten, but the growth substance, 
present in pars glandularis and pars intermedia, is quickl}’^ lost 
from the gland. Therefore to show its effect feeding must begin 
when tissues are young and very sensitive and must be continued 
over long periods of time. 

This work gives a little indication as to the path of exit of 
secretion from the pituitary gland. From the evidence gathered 
by them, Herring,*® Gushing and Goetsch,* and Cow’* conclude 
that the substance secreted by pars intermedia leaves the gland 
through pars posterior and passes into the ventricle of the brain. 
But my studies with the pituitary of the ox, both gross and 
histological, have given me the impression that much more secre- 
tion must pass from the gland through the large blood vessels 
than can enter the brain. Thaon'® has described and pictured 
blood vessels of pars glandularis gorged with secretion. I have 
repeated Thaon’s work and have seen sinus after sinus packed with 
secretion of pars glandularis. The colloid substance present so 
often in the cleft of the ox pituitary has every appearance of being 
a product of pars intermedia. Blood vessels in the cleft region 
of pars glandularis, especially about the portion wliich is in con- 
tact with the cone, are very numerous and close to the surface 
and must offer admission to any substance present in the cleft. 
The path from pars intermedia to the blood sinuses of pars glandu- 
laris appears to offer much less resistance to the passage of secre- 
tion than that by way of pars posterior If pars intermedia 
secretion passes largely through pars posterior, then pars pos- 
terior should incite growth as do pars glandularis and pars inter- 
media. But in this investigation upon Planaria it does not, nor 
has any one else reported such a result. 

If we grant that pars intermedia sends its secretion mainj 
into pars glandularis, the question arises why pars posterior as 
so large an effect upon fission. If a guess might be ma e i 
would perhaps be this: The fresh secretion of the pituitary is 
produced bj^ pars glandularis and pars intermedia, and mos o 
it is carried quickly away by the blood vessels. This is t e su 
stance which is active in producing growth as well as in e ec i 

Herring, P. T., Quart. J. Exp. Physiol., 190S, i, 121. 

“ Cow, D., J. Physiol., 1914r-15, xlix, 375. 

Thaon, P., These de Paris, 1907. 
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reproduction. All the secretion does not find its way into the 
blood vessels, however; some works out slowly through the pos- 
terior lobe. IMoreo^’er, there are in all portions of the gland 
blind alleys where masses of the secretion are brought to a stand- 
still. As it lies in these cysts the character of the secretion 
changes. It loses its power over growth but can still affect sexual 
function. Thus pars posterior wliich has usuallj'- stored away 
much secretion can effect reproduction. It does not effect grovffh. 
because no large amounts of fresh secretion are present in it. 

I haA'e attained positive effects upon fission with a diet of pars 
posterior while others have found nothing resulting but weakness 
and emaciation. This may be because Planaria are not injured 
by this substance so that in them it can produce its physiological 
effect. Apparently the higher animals are too severely harmed 
by this diet. 


CONCLUSIONS. 

1. The rate of fission in planarian worms is increased by a diet 
of pituitarj’' substance, no matter what portion of the gland is 
used or what the age of the worms involved. 

2. The growth of planarian worms is accelerated bj’’ a diet of 
pars glandularis and pars intermedia, provided that the worms 
are verj*^ small when the diet is begun. 

3. There is indication of a distinction between the substance- 
which produces fission and that which produces grov'th. 

4. There is indication that the growth-producing substances of 
pars glandularis and pars intermedia leave the gland by way of 
the blood vessels of pars glandularis. 
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V. THE INFLUENCE OF CHOLESTEROL UPON THE GROWTH 
•OP THE WHITE MOUSE. 

By T. BRAILSFORD ROBERTSON. 

{From the Rudolph Sprcckcls Physiological Laboratory of the University of 
California, Berkeley.) 

(Received for publication, May 25, 1916.) 

Previous Knowledge Concerning the Influence of Cholesterol upon 

Growth. 

Previous investigations in tliis laboratorj'^ have shown that 
cholesterol, when administered subcutaneously in localities either 
near to or remote from the primary tumor, causes a very marked 
acceleration of the growth of Flexner-Jobhng carcinoma in rats 
and also decidedlj' enhances the tendencj’’ of the primary tumor 
to give rise to metastases. The effect of cholesterol upon the 
gi’oni;h of carcinomata is therefore analogous to that exerted by 
emulsions of the anterior lobe of the pituitary bod3’-- and bj'' the 
growth-controlling principle, tethehn, which has been isolated 
from the anterior lobe of the pituitary bodJ^® 

It has also been shown that cholesterol, emulsified in hay 
infusion, causes a marked acceleration of the rate of multiplica- 
tion of paramecia.'* 

The decided effects exerted by cholesterol upon the growth of 
carcinomata and the division rate of paramecia suggested the 
possibility that cholesterol, if added to the diet in unusual quanti- 
ties, might have an appreciable effect upon the growth of mam- 
mals. The experiments which are about to be described were 
accordingly undertaken. 

* Robertson, T. B., and Burnett, T. C., J. Exp. Med., 1913, xvh, 344. 
Burnett, T. C., Proe. Soc. Exp. Biol, and Med., 1913, xi, 42; 1914, xii, 33. 

^ Robertson and Burnett, J. Exp. Med., 1915, xxi, 280. 

’ Robertson, T. B., J. Biol. Chem., 1916, xxiv, 397, 409. Robertson and 
Burnett, J. Exp. Med., 1916, xxiii, 631. 

* Browder, A., Univ. California Publications, Physiology, 1915, v, 1. 
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Description of the Experiments. Mode of Administering the 
Cholesterol. Dose Administered. 

Average healthy 3"oung mice, about 5 weeks of age, were taken 
at random from our stock, transferred to the cages described in 
the first article of this series,® and immediately, and thereafter 
until the age of 60 weeks, fed with cholesterol. Thirty-four males 
and tliirty-five females were employed for this purpose. In every , 
respect other than in the administration of the cholesterol these 
animals were handled and fed exactly as were the normal ani- 
mals.® Their cages were placed in the same room as and not far 
removed from those containing the normal animals. They were 
only about 3 months yormger than the normal animals and hence 
their life and gi-owth were contemporary with the greater part 
of the life and growth of the normals. The cholesterol-fed ani- 
mals and the normal animals were always weighed in the middle 
of the afternoon. Hence no possible factor other than the ad- 
ministration of cholesterol could account for the observed devia-' 
tions of the growth of these animals from the normal. 

The cholesterol employed was Merck’s. The mixed wMtes 
and yolks of eggs were beaten and strained and the cholesterol, 
in the proportion of 1 gm. of cholesterol to 20 cc. of egg mixture, 
was rubbed up with the egg until it formed a smooth creamy 
emulsion, 5 cc. of this emulsion were placed in each compart- 
ment containing six mice, every day in the week except Sunday. 
The emulsion was eagerly eaten by the mice so that all of the 
cholesterol administered was consumed. The daily dose o 
cholesterol per mouse, added to that already present in the foo , 
was therefore about 42 mg. The proportionate dose decrease 
with age, for it was not increased as the animals grew heavier. 

It was also somewhat larger for the females than for the ma cs, 
since the females are somewhat less heavy than the males. 

iSesrdts.— The weights of the cholesterol-fed and the norma^ 
animals are compared in Tables I and II and graphica j i “S 
trated in Figs. 1 and 2, the undotted curves representing 
normal growth of white mice during the experhnenta pen , 

‘Robertson, T. B., and Ray, L. A., J. Biol. Chem., 191G, xxiv, 

• Robertson, J. Biol. Chem., 1916, xxiv, 363. 
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the dotted curves the grouth of the animals which received 
cholesterol. The dots represent the positions of the actual obser- 
vations. 

The effect of the administration of cholesterol is qualitatively 
the same in both sexes and quantitatively similar. Between the 
5th and 10th weeks growth is very markcdlj" retarded, so much 
so that at 10 weeks of age the cholesterol males lag 3.78 gm. and 
the females 3.84 gm. behind the normal animals. Between the 
10th and OOtli weeks, however, the grovd.h of the cholesterol-fed 
animals is very decidedl}'- accelerated, so that although they fail • 
to catch up to the normals, 3 'et at 20 weeks of age the cholesterol 
males lag onlj- 2.73 gm. and the females 2.48 gm. behind the 
normals, the males having made up 1 gm. and the females 1.4 
gm. of the defect due to the initial retardation. The subsequent 

TABLE I 


Cholesterol-Fed Male Mice 


Age. 

Weight. 

No 

weighed 
(Cboles- 
terol-fed ) 

Ago 

\\ eight 

No 

Tveighed. 

( Choles- 
teroMed ) 

Normal, 

lUggHU 

Normal 

Cholesterol- 

fed 

tela. 

gm. 

gm 



gm. 

gm 


4 

12.38 


2 

25 

27 05 

24 24 

29 

5 

12.45 

12 84 

22 

26 

26 94 

24 48 

29 

6 

15.58 

14 06 

33 

27 

26 55 

24 16 

29 

7 

18.08 

15 85 

34 

28 

27 19 

25 00 

29 

8 

19.36 

16 88 

34 

29 

27 08 

24 59 

29 

9 

20 63 

16 79 

34 

30 

27 23 

24 77 

28 

10 

21.19 

17 41 

34 

32 

27 61 

25 34 

34 

11 

21.81 

17 85 

34 

34 

27 71 

25 62 

34 

12 

22.65 

18 96 

34 

36 

27 95 

25 66 

34 

13 

23 31 

20 46 

34 

38 

28 20 

26 18 

33 

14 

23 96 

21 37 

34 

40 

28 27 

26 06 

27 

15 

24.28 

21 88 

34 

42 

28 28 

26 19 

32 

16 

24.75 

22 03 

34 

44 

28 62 

26 27 

32 

17 

25 21 

22 20 

32 

46 

28 55 

27 00 

32 

18 

25.61 

23 10 

34 

48 

28 22 

26 84 

32 

19 

25 81 

22 55 

32 

50 

28 88 

26 83 

32 

20 

26 10 

23 37 

34 

52 

28 68 

26 78 

32 

21 

26 28 

23 47 

30 

54 

28 67 

27 50 

32 

22 

26.06 

24 19 

34 

56 

29 32 

26 98 

32 

23 

26.34 

24 02 

30 

58 

29 10 

26 78 

32 

24 

26 82 

24 43 

29 

60 

29 08 

26 88 

32 
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Cholesicrol-Fed Female Mice. 



Fig. 1 Comparison of the growth curves of normal and of choleslerol 
fed males 
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acceleration of growth is slight but consistent, so that the growth 
curves of the cholesterol-fed aud normal animals from the 20th 
to the GOth weeks slowly but continuously approach one another. 
At CO weeks of ago the cholesterol-fed males only lag 2.20 gm. 
behind the normal males, having made up between the 20th and 
GOth weeks an additional 0.5 gm. of the defect due to the early 
retardation of growth, while the females lag 1.77 gm. behind the 
normals, having made up in the same time an additional 0.7 gm. 
of the defect. The initial retardation anri subsequent accelera- 
tion of growth are so marked as to cause complete distortion of 
the growth curve, giving the appearance either of great prolonga- 
tion and enlargement of the second growth cycle, as in the males, 
or of a new growth c.ycle interpolated between the second and 
third C 3 'clcs in the noi’mal curve, as in the females, the third 
growth cj'cle in both sexes being accelerated and curtailed. On 
comparing the growth curves of the cholesterol-fed animals with 
the growth curves of tethclin-fed animals’ the close analogy 
between the two sets of growth curves cannot fail to be observed. 
It is evident that in their effect upon the tliird gro^vth cj^cle of 
mice, as in their effect upon the growth of carcinomata, tethelin 
and cholesterol are analogous. In their potency these substances 
differ verj^ greatlj’-, however, for the effect upon the growth of 
mice which is brought aljout bj' the-administration of a daily dose 
of 40 mg. of cholesterol is achieved by the dailj’’ administration 
of one-tenth of that amount of tethelin. 

On comparing the variabilities of cholesterol-fed and normal 
animals (Tables III and IV and Figs. 3 and 4) a striking differ- 
ence between the actions of cholesterol and of tethelin upon 
growth is revealed, for whereas tethelin causes a marked diminu- 
tion in the variability of the animals to which it is fed, cholesterol 
gives rise to an equally marked inci'ease. This is very clearly 
displajmd in the case of the females (Fig. 4), and that the same 
effect was also exerted upon the variability of the males (Fig. 3) 
will be evident on observing that bj' chance the males selected 
for the experiment were initially (t.e., at 5 weeks) much less 
variable than the average normals, the variability at 5 weeks of 
the males selected for the experiment being onlj^ 18.1 per cent 

^Robertson, J. Biol. Chem., 191G, xxiv, 397. 
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while the average variability of normal males at that age is 24.6 
per cent. Yet between the 8th' and 12th weeks the variability 
of the cholesterol-fed males exceeded that of the normals, and 
subsequent to 12 weeks the variability of the cholesterol-fed 
males remained very nearly equal to that of the normals, indi- 
cating that had the initial variabilits'' of the males selected for 
the experiment been normal, their variability after feeding them 
with cholesterol would have considerabty exceeded that of the 
normals. 


TABLE m. 


Cholesterol-Fed Male Mice. 


1 

-Age 

Variability. i 

Age. 

Variability. 

Xormal. 

Cho!estcrol-fed. 

Normal. 

Cholest^rol-fed 


per cent 

per cent 

teks. 

per cent 

per cent 

5 

24 C 

18.1 

26 

10.8 

10.5 

6 

22 0 

19 3 

27 

11.3 

9.2 

7 

16.9 

16.2 

28 

10.9 

10.4 

8 

15 9 

15 5 

29 

10.9 

9.1 

9 

16 5 

17.9 

30 

9.5 

11.2 

10 

16 7 

18 4 

32 

9.6 

11.1 

11 

13 3 

18.2 

34 

10.5 

11.3 

12 

13 7 

16 1 

36 

10.1 

Il.S 

13 

14 2 

13.5 

38 

10.5 

9.9 

14 

14 1 

12 4 

40 

10.4 

Il.S 

15 

11 9 

13.3 

42 

11.2 

11.5 

16 

12 7 

12.9 

44 

12.0 

10.5 

17 

12 4 

11.0 

46 

11.7 

10.4 

18 j 

12 1 

ll.o 

48 

10.8 

9.4 

19 

12 1 

9.9 

50 

11.1 

I 9.3 

20 

10 8 

11.0 

52 

10.7 

10.5 

21 

11 2 

9.1 

54 

12,0 

9 y 

22 

9 0 

10.5 

56 

12.0 

9.0 

23 

9 S 

9.4 

58 

10.9 

11.3 

24 

10. 1 

10.3 

60 

11.8 

10. S 

25 

11 0 

8.9 


- 
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TAIil.r. IV. 


Cholc^tcrol^Fol Female Mice. 


Act?. 

V.'iri'ibilily. 

\r<'* 

Variability. 

formal. 

Cliolc^tcrol-fi'd 

j Xormal. 

Cliolestorol-fcd. 

\rl>. 


per cnii 

II ^ 

j per rent 

per cent 

0 


21 5 

20 

11 G 

11.7 

6 


15 G 

0“ 

11 8 

11 8 

7 


16 5 

2.S 

10 3 

15 7 

8 

, 13.9 

15 1 

29 ! 

12 2 

15 2 

9 

13.4 

17.8 

30 

12.4 

16.6 

10 

■SW 

15 2 

32 

11 5 

17 3 

n 


IS.l 

31 

12.2 

18.4 

12 

12. G 

IG 1 

30 

n 2 

19.9 

13 

13.0 

10 9 

3S 

12 3 

20.4 

14 

13.2 

14.7 

1 40 

11 9 

21.0 

15 

13.7 

13 7 

42 ] 

13 1 

22.8 

16 

12. G 

13.3 

•W 1 

15 3 

23.1 

17 

11.9 

12.8 

4G 1 

14 0 

23.0 

18 

ll.O 

12 8 

48 

14 6 

23.4 

19 

12.0 

12 3 

50 

14 0 

23.0 

20 

11.2 

12 1 

52 

15 3 

22.4 

21 

12.3 

12 9 

54 

15 S 

21,9 

22 

12.5 

12 4 

56 

16.5 

23.1 

23 

12.0 

12.4 

58 

16.7 

23 0 

24 

11.3 

14 3 

60 

17.8 

21.1 

25 

11.4 

14 5 
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•'lo. 3. Comparison of the variability curves of normal and of cho- 
erol-fed males. 
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5- i£> 20 

riG. 4. Comparison of the variability curves of normal and of cholcs- 


terol-fed females. 

The origin of the high variability of the f 
lies In the fact that all of the animals do the 

ation in the growth subsequent to 10 weeks of a„e. 
gro4rth of some inclmduals is very greatly ^ 

especially among the females, a group of ^erj 
other individuals display little or no second. 1 
their growth. Since all of the ^miua s .ar ‘ ^ ^ this 
grotrth during the first 5 weeks of the thir g J 

unequal acceleration in the latter part of ^ jjght 

results finally in the production of a siimll gro p 
animals, a larger group of animals of medium „ 
small group of exceptionallj’^ heatw anmia s. ^ 

members of the extreme groups are 5 Tvocks 

in the figure were 10 months old anc ac r 
of age 40 mg. of cholesterol 6 daj'S a week. ^.ei„hed 44.5 

hovcver, voighnd 14.5 gm. vhile that “".‘ “jj;'”: 
gm. £ind 3 months later attained the t^ei„ht 

Differences in ihe External Apjyearance of the Chokslcrol-Fed a 
the N^orynal AiuynaU. 

Cholesterol is also analogous to ^"ts of^Solcstcrd 

nutrition of the cutaneous tissues, ^orthe co ^,„ootiiae?s 

males are very noticeably superior m colo . 
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to those of nonnal males of tljo same ape. Tliis improvement of 
the coat, however, is not so .strikinp as it is in tlic case of tethelin- 
fc(i animals. On the other ham! the cholesterol-fed animals do 
not noticeahly difTer in tiie compactness of their build from nor- 
mal aJiimals of the same ape, whereas tethelin-fed animals and 
animals fed uimn the anterior lobe of the pituitary bodj', as I 
have pointed out in the articles alluded to above, differ veiy 
strikinply from normal animals in the superior compactness and 
hcavine.s.s of their build. The limbs and extremities of the tethe- 
lin- and pituitary-fed animals pive the impression (althouph no 



« I.-****- 


Fig. 5. Cholcstcrol-fcd fcm.ilos, each 10 months of .age, illustrating the 
high variability of cholcsterol-fcd animals. 

actual measurements were made) of being thick and short and 
sturdy, while those of the cholesterol-fed animals are slender and 
delicate. 

One veiy strikinp and invariable characteristic of cholesterol- 
fed males between the 5th and 10th weeks is the extreme promi- 
nence of the tef?ticles. No actual measurements were made, but 
tbe impression was gained that while the body growth of cho- 
lesterol-fed males is strongly retarded, between the 5th and 10th 
weeks, the growth of the testicles is not similarly retarded, with 
the result that a striking disproportion between the size of the 
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animals and that of their testicles speedily becomes evirlcnf. 
Subsequent to the 10th week the cholesterol-fed males enter 
upon a period of rapid bodj'- growth and the disproportion in the 
size of the testicles disappears. This effect was observed in almost 
eveiy male of the cholesterol-fed series, while it was not observed 
in anj’^ of the numerous experimental animals not receiving 
cholesterol. 

Absence of Deleterious Effects upon the Health of the Animals 
Attributable to the Administration of Cholesterol. 

It has been pointed out by Anitschkow,® Chalatow,® Bailey,'" 
and others that the administration of cholesterol in daily doses of 
0.2 to 0.8 gm. for periods of 50 to 100 da 3 's, or of equivalent 
amounts of cholesterol-containing foods such as brain or egg 
yolk, leads in rabbits to the formation of extensive clepo.sits of 
anisotropic fat and ultimately to the formation of extensive lesions 
in the li^'eI■ and other organs and to tlie formation of atheromata 
in the wall of the aorta, the formation of these lesions being accom- 
panied Iw emaciation of the animal and ultimately leading to 
death. Anitschkow and Chalatow failed, however, to obtain 
.similar lesions either in the liver or in the aorta in rats even after 

5 months’ feeding with a daily dose of one j^olk of egg. Bailey'^' 
has similarlj' found that the daily administration of 0.1 to O.o 
gm. of cholesterol to guinea-pigs, even after 50 da}"s, failed to 
produce atheromata in the aorta, although in some instances 
deposits of anisotropic fat were found in the liver and adrenals. 

In the present experiment no deleterious effects which could 
be attributed to the feeding of cholesterol were ever displayed hj 
anj' of the animals. Although the dose of cholesterol adminis- 
tered was a verj'- large one, about 1.6 gm. per kilo of bod}' weight 

6 da 3 'a per week, no evidence of the fonnation of serious lesions 
has been obtained. One male which had received this dose o 

* Anitschkow, N., licilr. path. Anal. «. ntlg. Path., 1013, ivi, .379, Ulh 
Ivii, 201. 

’Chniatow, S. S., Arch. path. Anal., 1912, cevii, t52; licilr. path. Anni. 

H. allg. Palh., lOlt, Ivii, 85. 

Hailey, C. H., Proc. Soc. Exp, Biol, anil .Met., lOH, hS. 

” Bailoj', Proc. Boc. Exp. Biol. ^ 7 id Med., 191-5, .xiii, 90. 
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cholesterol for oO days examined hy Dr. G. Y. Rii.sk, who was 
unable to find any legions in the wall of the aorta, while one 
female which had received the above dose of cholesterol for 463 
clays and another which had received it for .511 clays were exam- 
ined by Dr. Railey who also failed to find any evicleirce of aortic 
le.sions although deposits of anis-otropic fat were found in the 
liver. That no other acute conditions were caused b}’’ the cho- 
lesterol feedinp: may be inferred from the fact that the cholesterol- 
fed animals disiilayed normal health throughout the experiment 
and the percentage of deaths to the cLate of writing (the animals 
being about 17 months of age) ha« not differed appreciabty 
from the percentage of deaths occurring in a like period of time 
among normal animals. 

It is evident, therefore, that the ability of the tissues to dispose 
adequately of excess of cholesterol varies in different species of 
animals and is very slight in the rabbit as compared with the 
guinea-pig, rat, and mouse. That this gi-eater tolerance displayed 
by mice is not attributable to non-absorption of the cholesterol 
administered is evident from the very strildng effects upon the 
growth of the animals to which, as we have seen, the administra- 
tion of cholesterol leads. 

Analysis of the Causes of Death. 

Between the lOtli and 60th weeks two deaths were recorded 
among the cholesterol-fed males and eight among the cholesterol- 
fed females. The following is a summary of the causes of death: 

Males. 

Pneumonia ^ 

Unidentified cause ^ 


Females. 

Cancer 

Paratyphoid 

Pneumonia 

Unidentified cause 
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SUMMARY. 

1. The administration of 40 mg. per day per animal of cho- 
lesterol to mice, beginning at 5 weeks after birth (conclusion of 
the second growth cycle), leads to marked retardation of growth 
during the earher portion of the third growdh cycle, between 
the 5th and 10th weeks. From the 10th w'eek onward, however, 
growth is decidedly accelerated, although the acceleration is in- 
sufficient to compensate entirely for the initial retardation. 

2. The influence of cholesterol upon the third growdh c.vclc in 
mice is therefore comparable with that produced by the adminis- 
tration of much smaller doses of tethelin. 

3. The influence of cholesterol upon the variability of the ani- 
mals to which it is fed is, however, directly opposite to the effect 
exerted by tethelin, for while tethelin reduces the variability of 
the animals to which it is fed, cholesterol increases their varia- 
bility. This increase in variability is mainly attributable to the 
very unequal acceleration, in different individuals, of the latter 
portion of the third growth cycle. 

4. Cholesterol-fed animals do not noticeably differ in build 
from normal animals. Their coats are smoother and more glossy 
in appearance than those of normal animals of the same age. 

5. Between the 5th and 10th weeks the testicles of cholesterol- 
fed males becomes very prominent. This disproportion between 
the size of the testicles and that of the animals bearing them 
rapidly disappears subsequent to the 10th week. It is prob- 
ably due to absence of retardation of the growth of the testicles 
during the first 5 weeks of feeding, so that the retardation of the 
body growth of the animals leads to disproportionate size of the 
testicles. The subsequent acceleration of body growth restores 
the normal proportion. 

6. No deleterious effects attributable to the feeding of oo 
lesterol w’ere observed. Three animals which ■were examined a ter 
50, 463, and 511 days of feeding respectively showed no 

of lesions in the wall of the aorta such as are observed in ra i s 
after feeding relatively smaller doses for comparatively brie peno 
of time. 
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Previous Kiiou'lcdgc Concerning the Influence of Lecithin wpon 

Growth. 

Previous investigations have shown that the effect of lecithin 
upon growth depends very considerably upon the type and stage 
of development of the tissue treated. On tlie one hand Kng* 
and Johnson- found that frog embryos, wlien fed with egg lecithin 
grow more rapidly, both in size and in weight, than normal 
tadpoles, and Bain^ found that the subcutaneous administration 
of lecithin leads to a leukocytosis and an increase in the number 
of red corpuscles, facts which may possibly indicate an increased 
rate of formation of tl\ese tissues. On the other hand Johnson- 
found that lecithin, when administered by mouth, inhibits pig- 
ment formation in tadpoles, Browder'' has shown that the pres- 
ence of egg lecithin in the culture medium retards the division 
rate of paramecia, and I have found® that egg lecithin, when added 
to sea water, stronglj'' retards the earlier stages in the develop- 
ment of fertilized sea urchin eggs. 

Previous investigations in this laboratory® have also shown 
that lecithin, prepared from egg jmlks by extracting them with 
ether and precipitating with acetone, causes a distinct retarda- 

' King, H. D., Biol. Bull., 1907, xiii, 40. 

‘ Johnson, M., Univ. California Publications, Zoology, 1913, xi, 53. 

’ Bain, W., Lancet, 1912, i, 91S. 

* Browder, A., Univ. California Publications, Physiology, 1915, v, 1. 

‘ Robertson, T. B., Arch. Entwcklngsmechn. Organ., 1913, xxxwii, 497. 

‘ Robertson, T. B., and Burnett, T. C., J. Exp. Med., 1913, xvii, 344. 
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tion of the gro-s\i:h of Flexner-Jobling carcinoma in rats, when 
admmistered subcutaneousty in the neighborhood of the tumor. 
Lecithm which ha« been prepared in this manner contains a very 
considerable pioportion of cephalin' and possibh' a certain admiv 
ture of other phospholipins to which the obsen-ed effects might 
conceivably be attributable. We have also found/ however, that 
the lecithm piepared b}' e.vtracting the anterior lobe of the pitui- 
tary boily nith alcohol, remo'sdng the tethelin’ contained in tliis 
e.vtra ct by piecipitation with ether, evaporating the resultant 
mixtuie to drjTiess, taking up the residue in ether, and precipi- 
tating V ith acetone also leads, when administered subcutaneously 
m locahtiC' remote from the tumor, to a decided retardation of 
the giowth of Fle.vner-Jobling carcinoma. Since cephalin is 
insoluble in alcohol the lecithin thus prepared must have been 
flee tioiu admixture with cephalin. It is probable, therefore, 
tha'* the letaidmg effect of egg lecitliin upon the growth of car- 
cinomata at least in part, due to lecithin itself. 

Dt '•( iijition of the Experiments. Methods of Preparing and Admin- 
istering the Lecithin. Doses Administered. 

Mae about 5 weeks of age were taken at random from our 
-'toi.k tiansferred to the cages described in the first article of this 
eiie-, and munediatel}’’ and thereafter during the entire period 
of the expeiiinent, fed with lecithin. Thirty-sLx males and fhirtv- 
^ \ faiuale- were fed wdth egg lecithin and twenty-four males trifli 
”^>iit.u\ lecithm In every respect other than in the adminis- 
of the lecithm these animals were handled and fed e\- 
atth a- ucrc the normal animals.'® The animals fed with egg leci- 
thin vi't about 1 month, and those fed trith pituitary lecithin 

about t months younger than the normals so that their life an 
gro'wtli iceie contemporary with the greater part of the life ant 
giowtM It the normals. The lecithin-fed animals and the noriiw 
anim i’ - w ei e alwat's weighed in the middle of the afternoon. n 
fortim.roh- the average weight of the group of animals taken a 
rando i to be fed with egg lecithm was considerably below t le 

' St, M and Thierfdder, H., Z. physiol Chan., 1907, Uu, 370. 

* Ro' *'1111 and Burnett, J. Exp. Med , 1916, ■'.xiii, 031. 

’ Rol ,n T B , and Ray, L. .V , J- Biol. Chem., 1916, vmv, 

v’Robt'^ '.,n J Biol C/icm , 1910 , wiv, 302. 
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avprage weiglil of normals, llic mean defect at 4 and 5 weeks of age 
being 1.2 gm. in llie males and 1 gm, in the female.s. The reason 
for this lies in the extremely high variabilit}- of normal animals 
at the age when cx]icrimental animals were selected, rendering it 
not improbable that a limited miinber of animats chosen at ran- 
dom may deviate somewhat widely from the true average in 
weight. Thus the variability of the v eight of male mice at 4 or 
5 weeks of age is over 24 j^er cent while the mean weight is 12.4 
gm.; hence one animal out of every three may be expected to 
deviate from the average weight by a.s much a.s 3 gm. Similarly 
one female out of every three may be exjrected to deviate from 
the average weight by over 2 gm.“ The abnormality of the 
animals employed was unfortunateb' not detected until a late 
stage in the invcs^tigation and it will be necessaiy, in order to be 
certain of the validity of the results obtained, to repeat the 
experiment with a more representative group of animals. How- 
ever, the results obtained with egg lecithin, in so far as it is possi- 
ble to interpret them in view of the above facts, are confirmed, 
as will be seen, by the results obtained with pituitary lecitliin 
and thej' are therefore tentatively submitted at this time sub- 
ject to reconsideration in the light of results obtained with a more 
representative group of animals. Incidentally the difficulty of 
accurately comparing the giwrth of these animals with that of 
normal animals reveals the necessity of ascertaining, before under- 
taking comparative experiments upon grovTh, that the hmited 
number of animals chosen for the experiment are trulj’’ representa- 
tive of the average. 

The animals selected for feeding with pituitary lecithin were 
slightly, but not to any important extent, supernormal in weight. 

The egg lecithin was prepared in the following manner: To the 
yolk of eggs was added an equal volume of 10 per cent sodium 
chloride solution and the mixture was well shaken. This mix- 
ture was then .shaken with an equal volume of ether until it became 
of a vaseline-like consistency. On standing, in the coiu'se of 24 
to 48 hours, the ether and water la 3 ’’ers separate and the ether 
may then be pipetted or syphoned off. This ether extract was 
evaporated, in an open vessel at room temperature, to about one- 


" Robertson, J. Biol. Chem., 1916, xxiv, 409. 
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third of its volume, two volumes of acetone were added, and the 
precipitate was collected, washed once in acetone, drained, heated 
for a brief period to drh-e off the major part of the acetone, and 
then dried at room temperature over sulfuric acid. As stated 
above, lecithin prepared in this manner contains a considerable 
proportion of cephalin and possiblj' other phospholipoids. 

6 gm. of this preparation were placed in 60 cc. of the mixed 
white and j’-olk of egg and the mivtiwe was allowed to stand on 
ice over night. At the end of tliis period the mass of lecithin 
had attained a soft jelh’-like consistency and was easily rubbed 
up into a unifomr emulsion with the egg. 5 cc. of this mixture 
were supplied dailj*, except Sundax's, to everj’- six mice, so that 
the datlx' dose, assuming the material to have been completely 
consumed, was 83 mg. As a rule the mice of all experimental 
classes eagerlj' consumed the egg mixtures supplied to them, but 
the mice fed with the rruxtme just described constituted an e.x- 
ception to the rule. They appeared distinctly averse to the nu.x- 
ture and it was onlj' slowl}’" consumed, although in the course of 
24 hours, as a rule, but little of it remained uneaten. 

The pituitary lecithin was prepared from the supernatant fluid 
after the precipitation of tethelin from the alcoholic extract of 
the anterior lobe of the pituitarj' body.^* The fluid was evapo- 
rated, without exposme to air, imtil the boiling point reached 
78°C. It was then cooled to O^C. for 24 to 48 hours, which 


resulted in the deposition of a small amount of material, probablj' 
including the greater part of any unprecipitated tethelin, since 
tethelin is only sparing!}' soluble in ice-cold alcohol. The fluid 
decanted from this deposit was then evaporated, without expo- 
sure to air, the residue taken up in a small amount of ether, and 
several volumes of acetone were added to the resultant solution. 
The precipitate was collected on a hardened filter, washed m 
acetone, and dried at room temperatme over sulfuric acid. T ic 
xdeld was about 20 mg. per anterior lobe or 1.33 per cent of t e 
fresh tissue. 1 gm. of- this material was rubbed up in 20 cc. 
distilled water, forming a viscous emulsion, and 2 cc. of t u. 
were mixed with 20 cc. of egg yolk and white mixture whic "3- 
dix-ided equally among the twenty-four mice daily, except un 
days. The daily dose was therefore about 4 mg. per aniniu 
This mixture was always quickly and completely consume 
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AccorcHnp lo I’arkc^"- lecilhin forms 10.7 per cent of the egg yolk. 
Assuming the egg yolk lo he half the volume of the vhite, the 
mixture of while and yolk which was fed to normal animals, and 
to which the above mentioned ciuantities of lecithin were added 
before supplying it to the experimental animals, contained 3.6 
per cent of lecithin; that is, 30 mg. per animal per daJ^ The 
pituitary lecithin added to the egg mixture constituted, there- 
fore, only a trifling addition to the lecithin abeady present. 

RcsitUs . — ^The weights of the jinimals fed with egg lecithin and 
those of the normal animals are compared in Tables I and II 
and graphicall}’ illustrated in Figs. 1 and 2, the smooth curves 
representing the normal growth of white mice during the experi- 
mental period and the dotted curves the growth of the animals 

T.VBLE I. 


Lccithin-Fcd Male Mice. 


Age. 

Weight. 

No. 

^^•cichcd. 

(Lecithin- 

fed.) 

Ago. 

1 Weight. 

No, 

weighed. 

(Lecithin- 

fod.) 

Normal. 

Ivccil hi Fi- 
fed. 

1 

Normal. 

Lecithin- 

fed. 

tfii. 

gm. 

gn. 



gm. 

gm. 


4 

12.3S 

10 . so 

IS 

25 

27.05 

24 50 

34 

5 

12.45 

11.53 

30 

26 

20 94 

25.10 

36 

G 

15.5S 

13.11 

36 

27 

26.55 

24.97 

34 

7 1 

IS. OS 

15.07 

30 

2S 

27.19 

25.26 

35 

8 

19.36 

10 50 

30 

29 

27 08 

25.27 

33 

9 

20.63 

17.09 

' 36 

30 

27.23 

25.74 

34 

10 

21.19 

19 13 

36 

32 

27 01 

26.04 

36 

11 

21.81 

1 20.06 

■36 

34 

27 71 

26.32 

36 

12 

22.05 

20.50 

30 

36 

27.95 

26.86 

35 

13 

23.31 

21.10 

36 

38 

28 20 

26.84 

35 

14 

23.90 

21.49 

36 

40 

28.27 

27.02 

33 

15 

24.28 

22.17 

36 

42 

28 28 

27.23 

33 

16 

24.75 

22.22 

36 

44 

28.02 

27.15 

33 

17 

25.21 

22.60 

30 

46 

28.55 

27.17 

33 

18 

25.01 

23.25 

36 

48 

28.22 

27.47 

32 

19 

25.81 

23.72 

36 

50 

28.88 

27.44 

31 

20 • 

20.10 

24.04 

36 

52 

28.68 

27.76 

31 

21 

26.28 

24.17 

36 

54 

28.67 

28 07 

30 

22 

26.06 

24.80 

36 

56 

29 32 

27.82 

30 

23 

26.34 

24.57 

36 

58 

29.10 

27.93 

30 

24 

26.82 

24.43 

36 

60 

29.08 

27.75 

28 


” Parke, J. L., Med.-Chem. Untersuch., 1866, i, 209. 
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TABLE II. 


LecilMn-Fed Female Mice. 


Age 

j Weight 

No 

■vs eighed 
(Lecithin- 
fed) 

Age 

Weight. 

No 

. vseichcd 
(Lecithin- 
fed) 

Normal 

Lecithin- 

fcd. 

Normal. 

Lecithin- 

fed. 

uks 

gm 

gm. 


trts. 

gm. 

gm 


4 

10 39 

8 87 

15 

25 

23 79 

21 34 

35 

5 

11 81 

11 42 

31 

26 

24 04 

21 60 

35 

6 

14 12 

13 35 

36 

27 

24 00 

21.61 

35 

1 

1 ! 

16 77 

15 04 

36 

28 

23.58 

21 92 

33 

8 

17 99 

16 47 

36 

29 

23 84 

22.00 

35 

9 

IS 78 

17 00 

30 

30 

23.92 

22.34 

29 

10 

19 38 

17 32 

36 

32 

24.18 

22 29 

34 • 

11 

20 04 

18 OS 

36 

34 

24 18 

22 50 

33 

12 

20 31 

18 67 

36 

36 

i 24.65 

22.88 

33 

13 

21 04 ! 

18 71 

35 

• 38 

24 80 

22.82 

33 

14 

21 21 

19 26 

35 

40 

25 03 

22 97 

33 

15 

21 78 

19 71 

35 

42 

25,07 

23.00 

33 

16 

22 14 

20 03 

35 

44 

25 52 

23.29 

33 

17 

22 29 

20 26 

! 35 

46 

25.68 

23 20 

32 

18 

22 22 

20 50 

33 

48 

25.45 

24.02 

32 

19 

22 60 

20 77 

35 

50 

25 50 

24 OS 

31 

20 

22 60 

20 64 

35 

52 

25.76 

24 60 

31 

21 

23 06 

i 21 03 

35 

54 

25 78 

24 55 

29 

22 

t 23 32 

i 21 13 

35 

56 

26.00 

21 28 

29 

23 

23 51 

21 31 

35 

58 

26.26 

24 09 

29 

24 

23 68 

21 27 

35 

60 

26.12 

24 09 

2S 














T. Brailsford Robcrlson 


653 



1 10 2 Cominri'on of thr frrowlh tur\ps of noniiil fcmiles and females 
fed mill lecidiin denied from ept; \oIk Ordinatea of norma! cur\e 
'diminished 1)\ 1 pm 


\\hich rcccncd lecithin Tlio dot= rcprc'ent the positions of the 
actual ob=ci vations. The oidiiiates of the normal curves are 
reduced by 1.2 pin in the ca^e of the malc' and 1 0 gm. m the 
case of the females in ordci, as fai as possible to compensate for 
the initial subnoimaht} of the Iccithin-fed animals and facilitate 
a comparison of the two ciiivc' 

The efTcct of the administration of egg lecithin upon the foim 
and propoitions of the giowth cuiie is evidenth' extremely small; 
a fact which, in view of the veiy large dosage, is lathei surprising. 

Of couisc it i« unceitam to what extent a uniform reduction of 
the ordinates of the normal cuive is a valid method of lepiesent- 
ing the normal giowth curve of initialh' subnormal animals; but 
if it be assumed that this pioceduie may jueld an approximation 
to the normal curve in such cases, then the onl}’ effect of the 
administration would appear to consist m a vei}’ shght — in the 
case of the males a barely perceptible — retardation of growth 
without deformation of the curve, t.e., a retardation which is 
nearlj" uniform tluoughout the whole of the tlnrd cj^cle There 
appears to be some shght acceleration m the latter part of the 
cycle m the males, but as this is not evidenced m the females 
it IS piobablj' apparent and not real, resulting from the mitral 
abnoimahtj’ of the experimental animals 

The variabilities of normal animals and of those fed wath egg 
lecithm are compared m Tables III and and Figs 3 and 4. 

Here again we see verj' little effect of the admmistration when 
the necessarj’’ allowance is made for initial differences ^ 
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variabilities of the normal and the experimental groups of animals. 
The lecithin-fed animals, bemg initially lighter than the normals, 
were also initially less variable.^ 'VMien the initial point on the 
variability curve of the lecithin-fed animals is raised to the level 
of the initial point on the variability curve of the normal animals 
it is seen that the administration of egg lecithin caused little if 
any alteration in the variability of the males and a slight increase 
in the variability of the females from the 30th week onwards, 
an effect which, again, may be apparent and not real. 

TABLE III. 


Lecithin-Fed Male Mice. 


Age 

Variability. 

Age. 

Variability. 

Norinal. 

Lecithin-fed. 

NonnaL 

liCcithin'M. 


per etnt 

per cent 

tcls. 

per cent 

per cefit 

4 

24 4 

23 1 

25 

11.0 

8.6 

5 

24.6 

23 2 

26 

JO.S 

8.4 

6 

22.0 

21,7 

27 

11.3 

7.4 

7 

16 9 

19 4 

28 

10.9 

S.8 

s 

15 9 

IS 5 

29 

10.9 

S 8 

9 

16 5 

15.8 

30 

9.5 

8.8 

10 

16 7 

13 7 

32 

9.6 

8.8 

11 

13 3 

11.4 

34 

10.5 

8.5 

12 

13 7 

10.2 

36 

10.1 

8.8 

13 

14 2 

9.8 

3S 

10.5 

8,8 

14 

14.1 

9 4 

40 

10.4 

8.3 

15 

11 9 

9.9 

42 

11.2 

9,5 

16 

12 7 

S 9 

44 

12.0 

10.0 

3" 

12 4 

8 5 

46 

11.7 

10.1 

IS 

12 1 

8.7 

48 

lO.S 

9.1 

19 

12.1 

7 5 

SO 

11.1 

9.7 

20 

10 S 

S 0 

52 

10.7 

9.3 

21 

11 2 

8.2 

54 

12.0 

8.7 

22 

9.0 

7,6 

56 

12.0 

9.0 

23 

9 8 

7.9 

5S 

10.9 

7,8 

24 

10 1 

8.7 

60 

11.8 

S*1 


Robertson, J. Biol. Chem., 1916, xxiv, 372, 392, tto. 
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1 \ni.L i\ 


LccUhin-Fcd Female Mice. 



Vnn diilit j 


VnrnbiUtj 

No-mnl 

Ix'cjt hin f 'll 

Xorni'il 

Lccitlun-fod 


prr cent 

jyrr rent 


per cent 

per ccril 

i 

23 1 

IG 3 

2-1 

11 4 

9 1 

. 5 

19 .J 

1.') S 

2(i 

11 G 

8 9 

G 

IS 9 

12 7 


11 S 

9 8 

7 

ir. 0 

9 7 

2S 

10 3 

9 8 

s 

13 9 

S S 

2) 

12 2 

10 2 

0 

13 1 

S 0 

.10 

12 1 

10 G 

. 10 

11 3 

9 0 

32 

! 11 5 

11 2 

11 

12 G 

S 2 1 

34 

12 2 

10 9 

12 

12 G 

S G 

It. 1 

11 2 

10 8 

13 

13 0 

S 2 

3s j 

12 3 

11 4 

M 

13 2 

7 G 

40 ! 

11 9 

11 2 

lo 

13 7 

S 9 

42 ' 

13 1 

12 1 

IG 

12 G 

S 4 

44 

15 3 

12 9 

17 

11 9 

S 5 

4G 

14 G 

13 6 

18 

11 9 

9 0 

4S 

14 6 

14 2 

19 

12 0 

8 G 

50 

14 0 

14 i 

20 

11 2 

8 5 

52 

15 3 

14 0 

21 

12 3 

8 8 

54 

15 8 

14 7 

22 

12 S 

9 1 

5G 

16 5 

14 1 

23 

12 0 

9 0 

58 

16 7 

13 5 

2-1 

11 3 

9 4 

60 

17 8 

13 1 



Fig. 3. Comparison of the variability curves of normal males and males 
fed with lecithin derived from egg J’olk 
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Fig. 4. Comparison of the variability cuives of normal females and 
females fed with lecithin derived from egs volk. 


1 he vreights of the animals fed vrith pitnitarj' lecithin and those 
of normal animals are compared in Table V and graphically 
illu'Ttrated in Fig. 5, It iviU be seen that the lecithin-fed animal.? 
were initially slightly supernormal in weight but that vrithin 2 
weeks of commencing the feeding of lecithin they dropped slightly 
behind the normals in weight, remaining slighth' and nearly uni- 
formly subnormal in weight throughout the experiment. Appar- 
ently the administration of pituitary lecithin caused a slight and 
nearly uniform retardation of weight and no acceleration, unless 
the shght deviations from the smoothed curve at 10 weeks indi- 
cate some acceleration. These deviations are so slight, however, 
that no cenain conclusions can be drawn from them. IVe may 
infer, therefore, that pituitary lecithin causes a slight retardation 
of growth in the third grotvth cycle and no appreciable acceler- 
ation at any period during the cycle. 
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•i aum; V 


}[(ilr l/iVi /’<</ tnlh Piluilan/ Lecithin. 


Arf* 

U.i 

Kill 

N'o 

ueirljcd 
(I./'rjthin- 
fi'fl ) 

Ajro 

Uci 

-ht 

No 

^oichod. 

(Lecithjn- 

fed) 

Xominl 

r ocjtfun* 
fwl 

N'ormnl 

Lccitlnn- 

fcd. 

irN. 

pn. 

on. 


tr^c 

gm 

gm 



12.45 

I ! 03 

15 

20 

20 91 

25 S9 

22 

0 

15 5S 

15 51 

21 

27 

20 53 

25 70 

23 

7 

IS OS 

10 77 

21 

2S 

27 19 

20 14 

22 

s 

19. .30 

17 92 

21 

20 

27 OS 

20 09 

23 

n 

20 0.3 

17 92 

21 

30 

27 23 

20 00 

18 

10 

21.19 

19 10 

21 

32 

27 01 

20 72 

23 

11 

21. SI 

19 00 

21 

31 

27 71 

20 4S 

23 

12 

22 05 

20 10 

21 

30 

27 05 

20 54 

23 

13 

23.31 

21 3S 

21 

38 

2S 20 

20 91 

23 

M 

23 90 

22 5S 

21 

■10 

28 27 

27 17 

23 

15 

21. 2S 

23 23 

21 

42 

2S 2S 

27 76 

23 

10 

21.75 

23 7.1 

24 

14 

2S 02 

27 S5 

23 

17 

25.21 

21 23 

21 

40 

2S 55 

27 S5 

23 

IS 

25 01 

21 IS 

23 

48 

2S 22 

28 11 

22 

19 

2.1 SI 

21 71 

24 

50 

2S SS 

28 00 

22 

20 

20 10 

25 13 

23 

52 

2S OS 

28 02 

22 

21 

20 2S 

25 01 

23 

54 

2S 67 

27 84 

22 

22 

20.00 

25 01 

23 

oG 

29 32 

27 85 

20 

23 

20 34 

25 35 

23 

5S 

29 10 

28 00 

16 

24 

20 S2 

25 05 

23 

00 

29 08 

28 19 

16 

25 

27.05 

20 02 

23 







Fig, 5. Comparison of the growth curves of normal males and males 
fed with lecithin derived from the anterior lobe of the pituitary body. 
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The variabilities of the animals fed with pituitary lecithin 
and those of normals are compared in Table VI and Fig. 6. It 
will be seen that the administration of pituitary lecithin caused 
an evident dhninution of variability. 

TABI.E VI. 


Male Mice Fed itnlh Piluitary Lecithin. 


Age. 

j VariabiUty. 

Age. 

Variability. 

Normal. 


Normal, 

Ijccitbin-fed. 

trfcs. 

per cent 

per cent 

uki. 

per cent 

per cent 

5 

24.6 

24.6 

26 

10.8 

7.2 

6 

22.0 

19.7 

27 

11.3 

7. "4 

7 

16.9 

17.1 

28 

mWm 

7.1 

8 

15.9 

13.9 

29 


7.4 

9 

16.5 

15.1 

30 

9.5 

7.3 

10 

16.7 

12.6 

32 

9.6 

7.4 

11 

13.3 

13.4 

34 

10.5 

7.6 

12 

13.7 

13.7 

• 36 

10.1 

7.5 

13 

14.2 

12.3 

38 

10.5 

7.6 

14 

14.1 

10.8 

40 

10.4 ' 

7.8 

15 

11.9 

9.2 

42 

11.2 

7.5 

16 

12.7 

8.8 

44 

12.0 

7.6 

17 

12.4 

7.8 

46 

11.7 

7.5 

18 

12.1 

7.3 

48 

10.8 

7.3 

19 

12.1 

8.3 

50 

11.1 

1 

20 

10.8 

6.9 

52 

10.7 • 

7.9 

21 

11.2 

7.2 

54 

12.0 

7.6 

22 

9.0 

6.8 

56 

i2;o 

8.6 

23 

9.8 

6.8 

58 

10.9 

7.0 

24 

10.1 

7.0 

60 

11.8 

7.7 

25 1 

11.0 

6.4 





Considering the much smaller dose administered, pituitary 
lecithin would appear to exert a considerably greater effect upon 
the growth of mice than egg lecithin. "Whether this disparity o 
effect is attributable to the initial subnormality of the anima 
fed with the egg lecithin, or to an admixture of other and more 
potent phospholipoids with the pituitary lecithin it is impossi e 
at present to assert. Having regard, however, to the fact t la 
the pituitary lecithin comprised only a small proportion o ic 
lecithin present in the egg mixture which was administere e 
the animals, even the slight effects observed are probably o 
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Fic. 0. Comp.irison of the varial)ility curves of normal males and 
males fed \vi(li lecithin derived from the anterior lobe of the prtuitarv 
bodj'. 

attributed to admixture of Pome other substance, possibb’ a trace ' 
of tethelin, or at till events to some peculiarity of lecithin pre- 
pared from the anterior lobe of the pituitary bod}'. 

Summarising the results, it is evident that the effect of lecithin 
upon the growth of white mice is much less than naight be expected 
from the ver}’' decided action exerted by lecithin upon the groTidih 
of carcinomata, the divipions of paramecia, and the growth of 
tadpoles. The reason for the lack of action when administered 
by mouth to mice probably lies in the fact that lecithin is very 
readily split by lipase and is therefore, in all probability, not 
absorbed as such to any appreciable extent. In the experiments 
on carcinoma which I have cited the lecithin was administered 
subcutaneously and was therefore for some time present in the 
tissues as such, and the absorption by paramecia or tadpoles may 
not improbably differ from absorption in the alimentary canal 
of a mammal. The observed retarding action may possibly be 
attributable to the injurious effects of the absorption of excess 
of choline. 
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Differences in the External Appearance of the Lccithin-Fcd atul the 
}hormal Animals. 

Xo very evident external differences were observed between 
the noimal and the lecithin-fed animals, excepting that the coats 
of the animals fed with egg lecithin presented from an early age 
a wretched appearance. This was possiblj' in part clue to the 
slow consimiption of the daily supply of egg. The animals thus 
had ample opportunity to get the egg upon their coats, and as 
the mixture was extremeh* stickj* many of the animals constantl}' 
had small patches of dried egg-lecithin mixture adhering to their 
coats. X'o such effect upon the coat was observed among the 
animals fed with pituitarj' lecithin. 

.A.11 of the animals fed with lecithin displa 5 'ed an unusually 
high degree of susceptibilitj* to infection. Among the males fed 
with eag lecithin serioush* infected wotmds were conunon, result- 
ina from injtuies received in fighting, wlrile among the animals 
fed with pituitary lecithin a form of infection of the respiratory 
tract was met with, accompanied bt' sneezing, gurgling noises 
in the throat, and progressive slow loss of weight. Xo similar 
ca^e- ^\ere encountered in any of the other e.xperimental groups, 
but It repeaterlly appeared in this group subsequeht to the 50th 
week, despite the fact that animals suspected of infection were 
isolated until their condition became evident and were then killed, 
and the food vessels, nests, and cage were repeatedly washed 
with alcohol. 


Analysis of the Causes of Death. 

Between the 10th and the 60th weeks seven deaths were re- 
corded among the males and seven among th? females which 
were fed trith egg lecithin. During the same period eight death^ 
were recorded among the animals which were fed with pituitarj 
lecithin. The following is a .summary of the causes of death. 

Males fed with egg lecithin. ^ 

C.ancer ^ 

Gastric ulcer . . , , , ^ 

Infected wounds received wliile fighting ^ 

L’nidisutified cause 
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]Vm;il(s fed \mi1i ppR lecithin. 


Cnncer . 1 

Duodenal nlrrr 1 

Ah‘-ce‘-< . . 1 

Infected injury . . .. . 1 

•Veute nephritis .... ... 1 

Unidentified causes ..... 2 

Males fed t\ith pituifiry iccithin. 

Unidentified infection of nspir.itory In'" 7 

Unidentified cause . 1 


SUMM.VHY. 

1. Tlic adiiiiniplrafioii by inoulli of 80 inf;, per clay per animal 
of epg lecithin, beginning at 4 weeks, after bulb (conclusion of 
the second growth cycle), Icad.s to ik^ deiormation of the curve 
of growlh, the only demonstrable effeits v)f the administration 
consisting in a very slight uniform retardation of gTOwth and a 
low degree of resistance to infection, both effects being not im- 
probably attributable to the injurious action of excess of choline 
absorbed from the alimcntarj' tract. 

2. Tlie administration by mouth of 4 mg. per day of lecithin 
derived from the anterior lobe of the pituitaiy body produces 
similar effects. Having regard to the comparatively small dose 
administered it is pos'^ilrlc that these effects may in part have 
been due to admixture of other and more potent substances with 
lecithin derived from this som’ce or at all events to a peculiarity 
of lecithin derived from the anterior lobe of the pituitary body. 

3. The lack of effect of lecithin administered by mouth in com- 
parison with its effects when administered subcutaneously oi to 
lower organisms is probably attributable to the fact that lecithin 
is completel}^ split during digestion and is not absorbed to any 
appreciable extent as such. 

» One of these animals, in postmortem examination, was found to be 
suffering from caneer. 




EXPERIMENTAL STUDIES ON GROWTH. 

VII. THE INFLUENCE OF THE ADMINISTRATION OF EGG 
LECITHIN AND OF CHOLESTEROL TO THE MOTHER, 

UPON THE GROWTH OF SUCKLING MICE. 

ID T. BRAILSFORD RODERTSOM vvd ETHEL CUTLER 

{From the litidolph Spied c!\ Phi/nulor/icrl L'^hcrnlorp of the University of 
California, Bert dry ) 

(Rcccncd for publu 'lion M\\ 23, 191G ) 

Object of the Or pen m nh 

Wliile lecithin lui'' liccn shown to c\li 1 d lelaulmg action upon 
certain types of giowth, such as the pa.I> s+ages of the develop- 
ment of sea urchin cnibno'',^ the groi.th of carcinoma,- and the 
division rate of pniamccia,^ it has aKo been found to accelerate 
certain other types of giowth, such as that leading to the pi educ- 
tion of leukocj'tes and cij'thiocjd.es’ and the development of 
tadpoles.'' Similaily it has been found that cholesteiol, W'lule 
very markedly ictarding the initial poitions of the third giowth 
cycle in mice, ncveithelcss acceleiates the later giowth of raice,'^ 
also the growth of carcinomata" and the division rate of paia- 
mecia.^ It is evident theiefoie that these substances may exert 
an effect upon one tj'pc of giowth which is exactly the reveise 
of their effect upon anotliei type of growth, and, furtheimoie, 
that as a general iiile the effect of cholesteiol upon a given tj^pe 
of growth IS opposite to that excited bj’- lecithin upon the same 
type of groivth. 

‘ Robertson, T B , Ardi Enlivcklngsmedm Organ , 1913, xvxvii, 497 

- Robertson, T B , and Burnett, T C , T Exp Med , 1913, xvn, 344 

^Brouder, A, Univ California Publicaltons, Physiology, 1915, v, 1 

' Bam, W , Lancet, 1912, i, 918 

‘ King, H D , Biol Bull , 1907, xiu, 40 Johnson, M , Univ California 
Publications, Zoology, 1913, xi, 53 

* Robertson, J Biol Chem , 1916, xxv, 035 

’ Robertson and Burnett, J Exp Med , 1913, xvn, 344 Burnett, T C , 
Proc Soc Exp Biol and Med , 1913, xi, 42, 1914, xii, 33 
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The effect.' of thc'e .'Ubstances when administered by mouth 
upon the third prowth cycle in mice (the grovi’th subsequent to 
4 or 5 weeks of age! have been discussed in the two preceding 
articles of this 'cnc'. We have sought to extend these results 
by invertigatum the effects of lecithin and cholesterol upon the 
grijirth diinnu the latter 2 weeks of the first growth cc'cle and the 
1st week of the 'efond growth cycle; that is, upon the groveth of 
mice durua; tfic fir-t 3 weeks succeeding birth. The yoimg dur- 
ing thi-; period, or at all events during the first 2 weeks of this 
peiiod, CIV <;fncn<icnt upon the mother for their nutrition.® As 
the h} podeniut adnunictration of these substances to such young 
animal' prc'cnts very great technical difficulties and the neces- 
^aiy n.r.nipulations might exert an uncertain effect upon the 
wc'lfare of the .aumials, we have sought to influence the growth of 
till young through administration of lecithin or cholesterol by 
muuth Tfi ’iic mothers, fully recognising, however, that the inter- 
prcta'vii of the remits obtained is compheated by the possibility 
rliuT the cpiaatity and quality of the mother’s milk may be 
diif-ctly affected by these substances, and that the growth of the 
>f)uru n.av ui thi.' way be indirectly affected, independently of 
dwi't T’-ar.'mi'sion of the substances to the young through the 
mf M! ni. "f »he mother’s milk. 

Methods. 

T>\< lit \ -five litter^ of mice were divided into three groups. A, 
B c.'id ' . The divi'ion was made at the birth of the litters, the 
htt(T' be.na alternated so that the first litter came in group A, 
the 'Ciojid in trri'iup B, the tliird in group C, and so on. In this 
vay ’he ciuu!)' obtained consisted of nearly equal numbers of 
initiul!> 'iinilai ainiaal'. The litters were kept in separate cages 
durimt tlic [lenod of the experiment and the mother was supplied 
with .'in abuiidunee of rolled barley and wafer, and occasionali} 
with frp'h lettuce leaves. In addition to this the control ani- 
mal' (group A' each received claih* 1 cc. of mi.xed t'olk and white 
of egg, another group of animals (B) received the same amount 
of egg mixture to which, however, were added lOO mg. ot egg 
lecithin, prepared in the manner described in the preceding article, 

*Robert'on, J Biol. Chen., 1916, xxiv, 373. 
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while llie tliird frronp vceeivetl llip same anioiiiil of ef;^ mixture 
to which were added 101) imr. of Merck’s cliole'-lerr)l. 'J'ho aui- 
niai< were weiplied ilaily or every 2iid i!ay to tlie nearest vfx., 
eacli mouse in tlie litters heimr weinhed separately. 'I'lie litters 
were all kept in the same room and under identical conditions. 


I!i;sfI.TS. 


The le.s'ults obt.’iined are .showji in 'I'.ahh' I and dej)ic!ed frnorhic- 
ally in Fips. 1 and 2. It will he seen that the administration of 
cpK lecithin to the mother iiroduced a shfiht and nearly uniform 
retardation in the powlh of the yonmr, in keei)inK with its effect 
upon the later jrrowth of mice when administered hv mouth.'’ 
The adininistnit ion of cholesterol to the mother, however, resulted 
in a much more profound retardation of the prowtli of the youiif;, 
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Fig. 1. Comparison of the growth of mice suckled by normal mothers 
what that of mice suckled by mothers fed with lecithin derived from egg 
yolk. 



Fig. 2. Comparison of the growth of mice suckled by normal mothers 
with that of mice suckled by mothers fed with cholesterol. 

an effect wliicli was manifestly determined by the stage of develop- 
ment of the animals, for prior to the 9th day very httle if any 
retardation of growdh occm'red, but thereafter, until the termina- 
tion of the period of lactation on the 20th day after birth, accu- 
mulative and very decided retardation of the growth of the young 
was observed, with the result that by the 20th day after birth the 
sucklings of the cholesterol-fed mothers were 1.57 gm. or 21 per 
cent hghter than the young of the normal group. It would appear 
that cholesterol, when administered in this way, brings about re- 
tardation of the latter portion of the first and the initial portion 
of the second growth cycle,® but whether this effect is attrinit 
able to transmission of excess of cholesterol to the young throUa i 
the medium of the mother's milk or to interference with the quan 
tity or quality of milk supplied, our results do not as yet permi 
us to decide. 
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SUMMAllV. 

1. Tlic adininislrnlinn of 100 iiij:. of ciru; Iccilliiii jicr d.-iy Ijj" 
mouth to tlic mother sliphtly rotunls the prowlli of .sucldinp miee. 

2. Tlie adininiptnitioii of 100 mp. of eliolcPtcrol jicr day by 
moutli to tlic motlicr causes a very marked retardation of the 
growth of saieklinp mice i)ctwoen the Olli and 21st days after 
birth. 

3. Our experiments do not enable us to decide wlicther tliese 
actions represent tlie direct efifcct of lecitliin and cliolcsterol upon 
the prowtli of sucklings or only an indirect elTcct due to inter- 
ference with the suiiiily of milk. 




AN IMPROVED HASSELBALCH HYDROGEN ELECTRODE 
AND A COMBINED TONOMETER AND HYDROGEN 
ELECTRODE, TOGETHER WITH RAPID 
METHODS OF DETERMINING THE 
BUFFER VALUE OF BLOOD.' 

Ih .1. r. McCLENnOX \vi) r- \ macjoox. 

{I'rotii the Plit/’'iolnrt{rnl LnlKirnlnni of the I’ini rr'-ttii of Mtnnc'’oln, 

M ttiiii apolf ) 

{Hrcpi\('(i for publication. May 31, 1010 ) 


1. TIic two coinpartTiicnt lijdrocon electrode . . . 009 

2. Tile hydrogen ion concentration of blood and scrum . 072 

3 The combined lonometcr and byilrocen elcclrodn . . 075 

■I Clinria for findiiif: llie InifTer value of blood and serum 077 

5 The indicator method for deterimniuR the IiufTcr value . 079 

0, Tlie indicator method for I’,, of stomach contents DSO 


1. The Tiro CoDiparlmcnl IJi/dro'jcn Electrode. 

After cxperitnontiiip: for a year with Iiydrogen electrodes based 
on the form designed by Michaclis, the senior author attempted 
to modify HasselbaJcli’s eleetrode so as to eliminate the danger 
of lo=s of CO; during transfei of solution. The electrode vessel 
(Fig. 1) has two compartments, the .smaller of which contains the 
electrode proper. Hydrogen is shaken with a portion of the so- 
lution in the large compartment and then passed through the 
large middle stop-cock into the smaller compartment containing 
another portion of the solution, where the reading is made. 
Stop-cock a is not greased and conducts electrolytically while 
closed. Since the hydrogen is brought to an equilibrium with 
the first portion of the .solution, it does not appreciably remove 
COo from the second portion. The lower the buffer value of the 

* The Apparatus was bought out of the Research Fund of the Graduate 
School. 
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solution, the larger the large compartment should be. If .the two 
compartments are the same size, fairly accurate readings may be 
made on blood, but if the samples are not exceeding^ small if is 
better to have the ratio of the compartments as in Fig. 1. A 
demonstration of the reliabilitj* of this electrode was made by 
charging it with blood serum and making a succession of read- 
ings from the end of 5 minutes imtil the end of 48 hours; they were 
the same within 1 mdlivolt. The potentiometer and "Weston cell 
were compared with ones reeenth' calibrated bj' the Bureau of 
Standards. 

A description of the technique of determinations on blood will 
suggest the precautions neeessarj' for any solution. The blood 



Fig. 1. Two compartment hydrogen electrode. Hydrogen is shaken 
with one portion of the blood in the large compartment and passed into 
another portion of the blood in the small compartment for the measurement 
of the electrode potential. 

is collected as described by McClendon (1916 a), and the de- 
fibrinated blood or serum used, or it is passed directly into 
the electrode by means of a rubber tube connected to the 
needle or cannula in the blood vessel. In the latter case, the 
electrode must contain some hirudin or isotonic, neutralized so- 
dium oxalate. The dilution of blood with an equal volume of a 
neutral solution of low buffer value has been shown by Michaelis, 
and more reeenth- by Corral, to have no perceptible effect on 
the reaction. 

In order to obtain absolute values, the electrode must ic 
cleaned w-ith potassium bichromate in HeSO^ and replatinize a 
few seconds bj- removing the stop-cock a and inserting a p afi 
num wire anode through the opening b (Fig. 1). It is then t lor 
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oiiirlily rinpcii witli distilled wator (nixl llio sloii-cock n luljricalofl 
witli sennn or KCl nn<l f:lyc(M*ol) and fillod willi ])uic liydrogon; 
a drop of water in the traji I .'-ervinp; lo ])rcv('n1 tlie Ijackward dif- 
fusion of air \intil all slop-eoeks are closed. I'lic rubber lube 
admitting the blood is eoimeclcd lo a, and the air in it allowed 
to pass out at b, .after which this stop-cock is turned so as to 
admit the blood into the electrode, when the other stop-cocks arc 
opened. The blood is allowed to enter imtil it reaches the 
mark m, the aiiparatus theii containing b cc. of blood and l..a cc. 
of hydrogen. 

All the stop-cocks arc closed and the ajiimratus is shaken or 
inverted 200 times. 'I'he middle stop-cock is opened and the 
apparatus tapped or swung so as to cause the hydrogen to pass 
into the smaller compartment by displacing part of the blood. 
This backflowing blood helps to complete the equilibration of 
the hydrogen in regard to CO;. The .^mailer compartment now 
contains 1.5 cc. of hydrogen and 0.5 cc. of blood, and is shaken 
or inverted 200 times; and the sloi)-cock at a is immersed in the 
KCl solution connected with the calomel electrode. The connec- 
tion is completed by hooking a wire in the platinum loop p, the 
wire being bright and weighted sufiicientl}' to maintain a good 
contact. 

If there is but little oxygen in the blood, the definitive reading 
should be obtained immediately (provided it is the same tem- 
perature as the calomel electrode), but if it contains much oxj'- 
hemoglobin the reading will be too low, and will slowlj’- rise as 
the oxygen combines with the hydrogen in the platinum black. 
If more than 15 minutes are allowed to elapse, the electrode 
should be shaken in order to bring a fresh layer of blood into 
contact with the platinum before another I’eading. It is not 
necessary to shake continuously, as recommended by Hassel- 
balch, but continuous shaking hastens the disappearance of the 
oxj'gen. If much hydrogen disappears by combination with the 
oxygen, it is necessary to restore atmospheric pressure by momen- 
tarily opening the stop-cocks c and d, but this cannot be done 
more than once without danger of admitting oxygen from the air. 

Since convenience and accuracy depend on the details of the 
construction of the electrode, a few words as to its manufacture 
maj’^ be permitted. If platinum is used for the electrode proper, 
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it must be exceedingly thin so as not to absorb an appreciable 
amount of hydrogen. Gold is much better, but must be attached 
to a platinum wire fused through the glass. Platinum may be 
welded to platinum at a white heat, but gold melts at this tem- 
perature. It is better to melt a drop of gold on the end of the 
platinum wire and hammer this drop (after cooling) to the gold 
disc. In doing this, a gold wire or scrap of foil is wrapped 
around the end of the platinum wire and held in the flame until 
it is just melted. If held in the flame longer, the gold will amal- 
gamate with the platinum, forming a brittle alloy. 

The bore of stop-cock c should be at least 3 mm., as the larger 
it is the more easil}^ the hj'drogen is caused to pass into the 
small compartment.^ 

The Hydrogen Ion Concentration of Blood and Serum. 

It is stated by Hasselbalch and others that serum is more 
alkaline than blood. Hasselbalch found that the less oxygen 
blood contained, the more alkaline it appeared to be when meas- 
ured by the hydrogen electrode. Since hemoglobin may cany a 
large store of ox 3 'gen, the discrepancy between the reaction of 
blood and serum is apparently due to faulty technique. Al- 
though it is theoretically impossible for the mere proximity of the 
corpuscles to change the reaction of the plasma, and hlichaelis 
claims that coagulation does not affect the reaction, it seemed 
advisable to test this question experimentallj'. The result was 
that the reaction of serum and defibrinated blood from the saine 
source and without loss of CO- is the same. This tells nothing 
concerning the reaction of the interior of the corpuscles or the 
effect of laking on the reaction of the blood, which will be consid- 
ered in a later paper. 

Hasselbalch states that the P„ (= -7 log H) of blood is 0.1" 
lower at 37° than at 19°, and Michaelis states that P„ determina- 
tions at 37° are 0.21 lower than the average of determinations on 
different persons at room temperature. Since Corral and ofhcr» 
have not observed high temperature coefficients for the hydiogen 

' The best electrodes were blown by A. S. Jones, 02 .■tlo.xnndcr » 
Princeton, X. J., who also made the stop-cocks, and the tonometers 0 
described. 
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ion concentrnlion of vniions hnffor iiiixliiros. it hpoiiuhI slninpc 
(hat- tlic l)loo(i should he an ('xrcpiion. In orrlcr to test this, 
two saturated KCI ealoinel eleelrod(>s wen; eoinpaicd at tlie 
same temperature ami f<unid In he alike. One of (hem was placed 
in a tlicrmoslat a( 37° and allowed to remain 3 days, since Wolff 
found it took a lone: time to eome to efpiilil)rium. Blood and 
scrum were tested at 23° and at 37° apiinst these calomel elec- 
trodes. The dilTeronce in the I’n at the two temperatures was 
not preater than 0.02 and was therefore within the limit of c.k- 
perimcntal error. 'I'he same was found true of XaIICO.i solu- 
tions. This experiment was repeated with 0.1 x KCI calomel 
electrodes. The P„ was lower at the hipher temperature, but the 
difTcrcncc did not exceed 0.01 to 0.07 when corrected for the 
increased vapor tension of water. 

The reason for usinp two types of calomel electrodes is that 
the rc.sult depends on the value of the i;. m. r. of the calomel 
electrode apainst the normal hydropen electrode, as calculated 
by dilTcrent investipators. In .such calculations the hydrogen ion 
concentration ii\ the hydropen electrode is determined byclcc- 
tric conductivitj* or other indirect incans.^ Ellis observed that the 
H ion concentration of IICl, even at 0.005 .\, is different, when cal- 
culated from conductivity data, from the value obtained bj’ elec- 
trode potential. For this reason the results obtained on blood 
at difTercnt temperatures are not to be considered absolute, but 
merely reproducible bj^ using the ordinarilj' accepted data, as 
given bj' McClendon (lOlG a. Fig. 5) and Michaelis. 

Since tlie viscosity of water decreases with rise of temperature 
the dissociation of acids, calculated from conductivity data, is 
erroneous unless these data are corrected for viscosity. Owing to 
the increased dissociation at higher temperature, the P„ of pure 
water is about 0.3 less at 37° than at 18°, l)ut the P„ of an alka- 
line solution should be greater at the higher temperature. We 
found the P„ of n NaliCOa to be 7.9, the of 0.1 x solution, 
which is dissociated (hj^drolytically) to a greater extent, to be 
8-3. The latter result confirms that of Auerbach and Pick. 
Apparentlj'^ the effect of rise in temperature increasing the disso- 
ciation of water and thus decreasing the P„ is partly counterbal- 
anced by the greater dissociation of alkaline salts, increasing the 
Pm so that the reaction of the blood remains nearlj^ the same when 
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measured by means, of the h3'drogen electrode at different tem- 
peratm-es. The dissociation of water and hence the hydroxj'I 
ion concentration in the blood increase with rise in temperature; 
hence the blood becomes more alkaline -n-ith rise in temperature, 
as pointed out b5^ Hober. 

Hasselbalch has shown that the Ph of arterial blood {i.c., at 
alveolar CO* tension) is remarkablj' constant. On the contrar}', 
IMenten and Crile claim that the blood returning from different 
organs shows great differences in Pj,. The impublished deter- 
minations which the senior author made for Dr. XJhlrich, using 
electrodes previouslj’- described, showed variations in the Pa of 
venous blood. The average P^ of venous blood is less than 0.05 
lower than that of arterial blood, and smaller fluctuations in the 
CO; content must necessarilj* have less effect on the reaction. 
TJie records in the literature of the CO; content of blood return- 
ing from various organs are vera- discordant. According to Hill 
and Nabarro, activitj- of an organ sometimes reduces the CO* 
content of its venous blood because the effect of increased me- 
tabolism is overcompensated bj’’ vascular dilatation. Perhaps the 
chief cause in the variations in the Ph of venous blood is the 
variation in the blood flow, and hence stasis attending the collec- 
tion. which is more or less unavoidable in the human subject, is a 
real source of error. 

It has been thoroughlj" established that changes in the H ion 
concentration of the blood affect the respiratoiy center, but for 
those who hope to detect a change in the reaction of the blood 
during dj'spnea, a little calculation maj’ be of interest. Haldane 
and Priestlej' observed that a rise of 0.2 per cent in the CO; of 
the ah'eolar air doubles lung ventilation. The change in the H 
ion concentration of the blood caused bj- a rise in the CO; tension 
of 0.2 per cent of an atmosphere is far within the limits of error of 
the gas chain method as applied to blood. Hence measurable 
changes in the Pg of arterial blood mean change.': in the threshold 
for stimulation of the respirator^' center as in shock or after 
drugs. 

The respiratory center is apparenth' not so sensitive to the in- 
fusion of HCl into the blood, but this may be due to a difference 
in permeabilitj' and concentration gradient. Since CO- P™ 
diiced by the respirator}' center, an increase in this gas in the ) oo( 
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would dccrcaso llic outward diffupion from- (lie contcr, which 
would become loss alkaline. A more incrca'^c in the II ion con- 
contration of the blontl would have much less effect on the dilTu- 
sion of CO;, since only a mimite fraction of the latter is dissociated. 
If acid were injected until free acid airpeared in the blood, some 
would diffuse into the res]u'ratory center. Ju{i^^in^^ by experi- 
ments on other cells, fatty acids should diiTusc in faster than min- 
eral acids, and hence be more effective in increasing respiration, 
ns is actually found to be the case. 

When HCl is .•ulded to blood it) vil)'o. its content of free CO; 
is increrLsed, but. it is incorrect to .suiiiiose tlmt the same final 
rc.sult is obtained by infusion of IIC'l. In the latter case the 
respiratory center is stimulated and the CO; eliminated, so that 
in a short time the CO; tension of the blood is below normal. 
Since the content of the blood in free CO; varie.s directly with the 
CO; tension, the infusion of IICl reduces the free CO; in the 
blood. The reduction is not .sullicicnt, liowcvcr, to maintain the 
normal reaction of the blood, as finst shown by Szili. 

Owing tothc itn possibility of measuring the H ion concentration 
of the respiratory center itself, all factors with a possible influ- 
ence on it should bo studied. For this reason attention is called, 
in the next section, to the buffer value. 

The normal P„ of venous blood seems to fluctuate about 7.5, 
and that of arterial blood to be a little higher, but the difference 
is not usuall}’' measurable. The number of determinations have 
been too few, however, to separate individual variations entirely 
from errors, and no absolute values can be given. 

3. The Combined Tonometer and Hydrogen Electrode. 

A combined tonometer and hydrogen electrode was described 
by Peters, but the large rubber stopper rendered it objectionable. 
The form showm in Fig. 2 has been found convenient and reliable. 
The gold disc with platinum wire p is sealed in the 2 cc. com- 
partment, and the stop-cock c is lubricated with a conducting 
solution and immersed in the KCl trough so that this part of the 
apparatus can be used as a hydrogen electrode in the same man- 
ner as the form shown in Fig 1. The description of the manipu- 
lation of the apparatus for blood is the same as for any other 
fluid. The blood is admitted at a until it completely fills the 





J. F. McCIoiulon and C. A. Alagoon 677 


2 cc. coinpnrdiu'iit, niul llio stop-cocks ore closed. The api)a- 
ralus is .'ct up vertically aiul :» nihhcr tohe from a inercm-y fun- 
nel attached to the lower end c. By raisinp: the funnel, the 100 
cc. tonometer is fdled with mercury which forces the air out at a. 
The tubes from the hydrogen and ('O-Kcnera tors arc irrovidcd with 
overflows o to kecii these pa'-cs at con.Mant .and appro.vimatclj' 
atmospheric jrressure. The CO; is admitted at a, and the stop- 
cock a turned so as to force out the contained air at the side 
opening b, and then turned hack so as to allow the CO; to enter 
the tonometer when the funnel is lowered. When the required 
per cent of CO; is read o(T on the graduations of the tonometer, 
the stop-cocks c and n arc closed, the hydrogen tube is connected 
to n, the air washed out at h, the tonometer tilled with this gas, 
and c closed. The sto])-cock n is so turned as to connect the 
2 cc. chamber with the tonometer by means of a hole th.at is 
at least of .‘1 mm. bore. By taiiping or swinging the apparatus, 
the blood is shaken down into the tonometer, which is rotated on 
its long a\’is (jilaccd horizontally) by means of a rubber band 
passed around a revolving axle above it. About 0.5 cc. of the 
blood is shaken back into the 2 cc. chamber, c immersed in the 
KCl solution, p connected to a wire, and the reading taken in the 
usual manner. 

The remainder of the blood in the tonometer is forced into the 
2 cc. chamber by means of mcrcurj’’, and the second CO; mix- 
ture made in the tonometer in the same manner as the first. The 
same sample of blood will do for a series of determinations pro- 
■vdded the mercury is pure. Before using the apparatus, it 
should be prepared in the same manner as the electrode shown in 

rig. 1. 

4- Charts for Finding the Buffer Value of Blood and Serum. 

In a previous paper (McClendon, 1916 a) the buffer value was 
indicated by tbe difference between the P„ at 3 per cent and at 10 
per cent CO; tension. The difference in this index of the buffer 
value for different bloods is so small as to make the charts shown 
in Fig. 3 desirable as aids in its determination.* They will at 

■ The quantity of data used in the making of these charts is not as 
large as might be desired, but the fact that the junior author cannot con- 
tinue the work makes it necessary to publish them in their present form. 
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' U nfP (=- log H ion concentration) 

Fig 3 Curves showing the change of the percent- 

with change of CO 2 tension. n these may be reduced to m • ^ 

ages of an atmosphere in moist CO 2 , . gion of water vapor wa - 
di . CO 2 by multiplying by 7 2, since the tension ^ , 

mm. and the barometric “The sea level the error is no ap 

tions should be made in mm , but near the .tmospb^ - 

preciable if the calculations '^’•^T^jj^iueh smaller change m Pm 

I a slight change in CO 2 mr of dry hydrogen was used 

electrode potential calculated for 70U m 

determining the Pb- jg 

Since the P. of e-toml blood “J"itT“"ch.rt c.,^ 
remarkably constant (about 7.5) t l,j. one 

spondini; to any sample o blood m s^m J Haldane mctM 
obseryation. If the alveoto CO-. *™™ ' j,. rough the inlcr 

is determined, the curves «■« line. « *hc P. 

section of this CO, the curve is the one 

at any known CO2 tension 
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nl tlic iiitcr.'-ct'lion of IIu'fo 1’„ .'nul (X); Icnsion cnordiiiates, .nml 
the intorpoetion of thip rurvo with tlie ]’„ = 7J) line pIiowr tlie 
alveolar CO: lenpion (tinlops the respiratory center is ahnoianal as 
in shock or after ealTeine or inorjihinc). 

The alveolar CO; tension by Ilahlano’s method is jnactie.ally 
the same ns that of the arterial blood, ^'hc alveolar CO; tension 
by Pleseb's method may, by proper manipulation, be made to 
show the average CO; tension of the venotis blood. The normal 
arterial CO; (eiipion of the arterial blood is about 5.2 per cent, 
and of the average venous blood about (i percent of an atmosphere, 
orabout IGpercent higher than arterial. Higgins used a modified 
Plesch apparatus, in which the entire air was rebreathed four 
times (about 20 seconds), and obtained values about 20 per 
cent higher than by Haldane’s method. It would be interesting 
to know whether such a ratio is constant even when c.ases of ex- 
tremely low CO; tension are included. If such were the case, 
the true alveolar CO; tension might be calculated from the 
results by the Plesch method. 

The .striking fact shown by the charts is that the bulTcr value 
of the blood or scrum depends on its CO; tension. Below 1 per 
cent CO; tension, the bufTcr value is almost nil. Above 5 per 
cent CO; tension, the bufTer value of the blood is almost infinite, 
while that of the serum is somewhat less. Therefore, the buffer 
value ol the blood of a patient w'ith alveolar CO; tension equal 
to Ic.ss tluin I per cent of an atmosphere, is so low as to make 
it probable that great local difTcrcnces in the reaction of the blood 
exist in the body. Such local variations probably have a great 
deal to do with the dyspnea of many patients. The acid pro- 
duced in the respiratorj^ center itself m.ay be very poorlj’^ neutral- 
ized bj' the blood, and tcmporar 3 ' increased breathing must 
result. 

S. The Indicator Method for Determining the Buffer Value, 

At the request of Dr. Rorvntrce we have calibrated his indicator 
method for detennining the reaction of blood. Phosphates of 
knowm water content w'ere used to make solutions according to 
Sorensen’s directions, and portions of the same phosphates sent 
to Hynson, We.stcott and Company for the manufacture of 
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sealed tubes of standard solutions colored with phenolsulfone- 
phthalein. These tubes were then compared with similar one« 
cahbrated by the gas chain method. The only difficulty e.v- 
perienced was in obtaining “nonsol’' tubes of exactly 1 cm. 
bore, a small divergence from which caused an appreciable error. 
Blood was tested by the gas chain method and then dialyzed 
7 minutes against isotonic, neutral (tested) JCaCl solution in 
stoppered ‘‘nonsol’’ tubes and tested with phenolsulfonephthalein. 
If the transfer and other manipulations were sufficienth' rapid 
so as not to lose CO; appreciabh* into the air, and the tubes were 
of exact!}* 1 cm. bore, the results did not disagree with those of 
the gas chain method. The latter could be read, however, to 
one more decimal place. In attempting to prevent CO; loss by 
a layer of oil, it should be remembered that CO; is more soluble 
in oil than in water, and the oil merely lessens convection (by its 
non-nuseibility). 

The following method for determining the buffer value clinically 
is suggested. 3 or more cc. of blood mixed with hirudin or neutral- 
ized oxalate are introduced into a 100 cc. tube with openings at 
each end of 1 cm. bore provided with rubber tubes and pinch- 
cock's. The blood is introduced into this tube and the breath 
of a person of normal (prexdoush* tested) alveolar CO; tension 
blown through it, the pinch-cocks being closed after the last 
breath is forcibly expelled. The tube is rotated 10 minutes and 
the reaction of the blood determined by the indicator-dialysis 
method. The intersection of the line of this PaWith the 5.2 per cent 
CO; tension line in the chart n'ill show the curve corresponding 
to the blood sample. The intersection of this curve with the 
7.5 Pg line will show the alveolar CO; tension of the patient (the 
error will be small except in case of shock or after certain drugs). 

6. The Indicator Method for Pg of Stomach Contents. 

Stomach contents were diatyzed through collodion sacs as fir=t 
tried by Fowler, Bergeim, and Hawk. The buffer value tarics 
directly with the Pa and is verj* low for liigh acidity, in which ca.e 
the volume of the stomach contents in the sac should far exceet 
that of the 1 per cent XaCl solution in the tube containing t le 
sac. For low acidity, Davidsohn has shown that dilution a leci- 
the Pu verj- little. 
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The (lialys:i<(; was roinjiarod with llic i^uhlishocl colored cliart 
(McClendon. lOIG h), nsinn the indicators noted in the chart. A 
calibration of this method showed that it was significant for the 
integral jiart of the l’„. .‘Sealed tubes of standard solutions with 
.«onie of the indicators wore made also l)ut, unfortunately, methyl 
violet, the most useful indicator, fade.s in very acid solutions. 
Mauveinc was not olilainahle, hut it is hoped that it would not 
fade so rapidly. Neutral red shows a striking change to blue in 
very acid solutions, hut the ai-idity rcipiired is higher than is 
usually the case with stomach contents. 

In conclusion, thanks are due to Dr. .1. \V. Northington and 
Miss .Swift for aid in the collection of blood samples. 
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goon ), 679 

Scrum, carbon dioxide 
tension, relation to 
(McClendon and Ma- 
goon), 679 

— , charts for (McClen- 
don and IMagoon), 

678 


Butter fat; 

Ci'owth influence on 
I MrCoLLEM,SlM.MONDS, 
and PiTZ), 109 


C 

Calcium ; 

Blood sugar content, role 
in regulation of (Un- 
derhill), 447 

Growth in swine, effect on 
(Hart, IMillbr, and 
hlcCoLLUM), 247 

Calcium carbonate: 

Liver autoh'sis, effect on 
(Bradley and Taylor), 
266 

Calcium chloride: 

Blood sugar content, ef- 
fect on (Underhill), 

449 


Calcium chloride — continued: 

Casein, rate of solution of, 
in sodium hydroxide, ef- 
fect on (Robertson 
and Mia'ake), 

355 

Glycosuria epinephrine, ef- 
fect on (Underhill), 

451 

Hyperglycemia, epineph- 
rine, effect on (Under- 
hill), 451 

Neiwe stimulation, inhib- 
itorj’’ effect on (Loed 
and Ewald), 380 

Calcium lactate: 

Blood sugar, influence on 
(Underhill), 

449 

Glycosuria, epinephrine, 
effect on , (Underhill), 

451 

Hypergl}’'ceniia, epinepli- 
rine, effect on (Under- 
hill), 451 

Calomel: 

Electrodes, preparation of 
(Clark and Lhbs), 

^ 4S4 

— , tenth normal, value of 
(Clark and Luns), 

Canavalia ensLfonms: 

Urease content (Mateer 
and Marshall), 

298 

Canavalia gladiata: 

Urease content (jMateer 
and JIarshall), 

Carbohydrate: 

Metabolism (Underhill , 

447, 4G3, 4/1 

Protein metabolism, spar- 
ing action on (ICocHKRb 



Subjects 


G95 


Carbon dioxide: 

Liver niilolysi'^. ('(leet on 
(liiMiu-KY and i/mi, 

L’i'.l? 

PlaMiia. r n ]) n e i t y of 
((Jr.TTi.i )>. nihi liAKr.i:). 

21 !> 

I'cn.'-ion. h 1 o o d InifU'r 
value, relalion to 
('M:M)f).\.'md .M.^coon'L 

r)7;» 

— , seruin liiiffer value, re- 
lation to (Mr('i,i;Ni)ON‘ 
.and MAr.oo-v), 

(■»70 

Casein ; 

Glohin, eoini)onnd of 
(Fch.mtdt). 7.'-5 

Liver ennanes, digestion 
by (Uii,Ai)i,i;v .and 'J'ay- 
Lou). 2Gt) 

Scniin. dif:<'.‘-'tion by Jior- 
nial and sensitized 

(IIvlton), 

IGS, 22S 

Solution by sodium hy- 
droxide, alkali and .alka- 
line earth .«alts, influ- 
ence of, on rate of (Ron- 
iiKTSox and Mivaki;), 

.3.51 

Catabolism : 

a-Aminocaproic acid 
(GimnNWALD), 81 

Cation: 

Nerve stimulation, role in 
(Loi:b and Ewald), 

379 

Cell: 


Conductivity (Gettli:r 
and Bakek), 219 

Liver, protein relation- 
ships in (Bkadl7:y and 
Tay'lor), 27G 

Cephalin: 

Ureido derivatives (Le- 
VENE and West), 

517 


Clicmical: 

Blood, .an.alyses of normal 
(Gr.i ri.r.i: and Bakeh), 
211 

Chlorides: 

Blood content (GinTi.r.n 
and B \Kr.u)> 210 

Chloroform : 

Fatty acid salts, solubility 
of. in f.J\con.so.v and 
Il<)i,Mi;si, 30 

Cholesterol: 

Blood content (Gin'mm 
and Baker), 218 
tBi.ooiu, 585 

detei-mination in 
((iETTEEit and Baker), 
218 

f.MrEi.LEi:), 554 

Determination, colorimet- 
ric and gravimetric 
m e t h o (i s compared 
(Mee.leer), 549 

Growth of .suckling mice, 
influence on, when fed to 
mothers (Robertson 
and Cutler), G63 

— of white mice, influence 
on (Robertson), 

635 

Cholesterol esters: 

Autolysis, effect of 
(Mueller), 561 

Circulation : 

Sucrose, inversion of, by, 
invertin in the (Kuri- 
yama), 524 

Cold: 

Hyperglycemia produced 
by, effect of psychic and 
sensory stimuli (Kra- 
jiER and Coffin), 

423 

Colorimetric methods: 

Hydrogen ion concentra- 
tion, comparison solu- 
tions for (Clark and 
Lubs), 479 



696 


Subjects 


Concentration : 

Coefficient of penetration, 
relation of, to (Robert- 
son and Mitake), 

359 

Conductivity; 

Blood, circulating (Gett- 
LER and Baker), 

219 

Cell (Gettler and 

Baker). 219 

Serum (GettlEr and 

Baker), 220 

Congo red: 

Standardization of (Col- 
lins and Hanzlik), 

232 


Copper carbonate : 

Liver autolysis, effect on 
I Br vdlet and Tavlor), 
266 


Com oil: 

Nutritive value (McCol- 
LiM, SiMiiONDS, and 
PiTZl 111 

Cottonseed : 

Flour, growth, influence 
on (Richardson and 
Green), 310 

Meal, milk powder and. 
growth on (Ricilvrd- 
.‘“ON and Green), 

313 


— , nutrition investiga- 
tions (Richardson and 
Green), 307 

— , nutritive factors ab- 
sent in (Richardson 
and Green), 312 

— , toxicity (Richardson 
and Green), 314 
Creatine ; 

Blood content (Gettler 
and Baker), 216 

Creatinine, conversion in- 
to (Bvcmann and Ing- 
VALDSENj. 197 


Creatine — contimied: 

Muscle, determination in 
(BAUXEiN-N and Ing- 
valdsen), 195 

Creatinine : 

Blood content (Gettler 
and Baker), 216 

Creatine, conversion of. 
into (Bauxiann and 
Ingvaldsen), 197 

Excretion, sodium ben- 
zoate, effect of (Lewis 
and Karr), 16 

— . — hippurate, effect of 
(Lewis and ICarr), 

20 

Inosite, effect of, on excre- 
tion of (Anderson and 
Bosworth), 461 

Cyanogenesis: 

(Alsberg and Black), 

133 

(ViEHOEXTBR, JoHNS, and 

Alsberg), 141 

D 

Deuteroalbumose : 

Globin, compound with 
(Schxiidt), 7S 

Dextrose: 

Serum, action of (Kurl 
taxia), 53S 

Dialuric acid: 

Ninhydrin reaction witli 
ammonium salts, action 
on (Harding and B ar- 
neford). _ .330 

2, 5-Dianiino-4, d-dioxypynnu' 
dine sulfate; 

(LEAmNE and Senior) 

Potassium chlorate, ac- 
tion of (Levene an 
Senior). 

Urea, action of (Le''E>^ 
and Senior), 



Stihj('(*ls 


G 97 


•5, 5-Dianiino-2, 6-dioxj’pyrim5- 
dinc sulfalc: 

(Lr.vi'.Ni: and Sknk'I!). 


t'.ia 

Urea, art inn of (Li;vj;ni; 
and SnNioit), (iUi 

Dicyandiamide: 

C'inanidinc from (Lnvi;Nr, 
anrl Sknjoj:), r>2H 

Diffusion: 

Potnitials (('lauk and 
Lriis), -IS'l 

Digestibilifj*: 

]k'ncc-.Ionos protein (’1'av- 
iA)u and Sln-u:nt. 


293 


Digitonin ; 

C'liolestorol, dotonnina- 
tion of, bv 

.■(19 

Diketohydrindylidene - diketo- 
hydrindamine : 

Ammonium .‘-■alt, detection 
of (IIaiidino and Wah- 
NKfoim), 321 

, murcxide, relation 

lo (HAnnixo and Mac- 
Li;an), 3-1 0 

Dipotassium hydrogen phos- 
phate : 

Liver autoly.^is, cITcct on 
(Biiadlky and Taylor), 
2G.5 

Disease: 


Oal, nature of (Funk), 

•109 


Divicine : 


Constitution (Lkyrnr 
and Senior), G07 

Sulfate (Levene and Sen- 
ior), G14 

— , potassium chlorate, ac- 
tion of (Levene and 
Senior), G15 

— , urea, action of (Le- 
vene and Senior), 

616 


Dolichos biflonis: 

I'rea'-t' content (^^ATEER 
and Marshall), 

29S 


E 


Edcstin: 

.'•^ermn, normal and sen- 
sitized, digestion by 
(Helton), 

16S, 22S 

Egg: 

I.eeitbin, ,Scc Lecithin. 

Electrodes: 

Calomel, ijrcparation of 
(Clark and Luns), 

48-1 

Hydrogen, improved Has- 
.celbalch (McClendon 
and Magoon), 

G69 

— , normal (Clark and 
Lehs), 494 

Palladium black (Clark 
and Luns), 48.5 

Embryo : 

Wheat. See Wheat. 

Emulsin: 

Tridens Jlavus, action on 
(ViEHOEVER, Johns, 
and Alsberg), 

145 


Enzymes: 

Tridens Jlavus (\hEHOEVER, 
Johns, and Alsberg), 
144 


Epinephrine : 

Blood sugar content, in- 
fluence on (Underhill), 
450 

Clj^cosuria. See Glyco- 
suria. 

Hj'^pcrglycemia. See Hj^- 
perglycemia. 

Urine sugar content, in- 
fluence on (Underhill), 
450 
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Subjects 


Ether: 

Fatty acid salts, solubility 
of, in (Jacobson* and 
Holmes), 35 

Nitrous oxide and, anes- 
thesia, blood sugar con- 
tent, effect on (Ep- 
stein and Aschneb), 
157 


Ethyl acetate: 

Fatty acid salts, solubilit 3 ^ 
of, in (Jacobson and 
Holmes), 50 

Ethyl alcohol: 

Fatty acid salts, solubilitj' 
of, in (Jacobson and 
Hollies), 33 

Ethylene glycol: 

Ninhydrin reaction with 
ammonium salts, action 
on (Harding and 
Warnefobd), 330 


. F 

Factor; 

Protein (Janney), 185 

Fat: 


Blood content (Gettlbe 
and Baker), 218 

(Bloor), 585 

— . determination in 
(Glttler and Baker), 
218 

Fatty acids: 

Separation of, bj* solubil- 
ity of their salts (Jacob- 
t^oN and Holmes), 

55 


Feces: 


Inosite, excretion of, in 
(Anderson), 395 
Ferments : 

Proteoclastic, specific, for- 
mation of, in response 
to introduction of [pla- 
centa (Helton), 


Ferments — continued: 

y j f ’ 

— proteins (Holton), 
163 

Ferric hydroxide : 

Liver autotysis, effect on 
(Bradley and Tay'lor), 
267 

Fission: 

Planarian worms, pitui- 
tary bodj', effect of, on 
(Wolzen), 625 

Formaldehyde : 

Deteimination of, colori- 
metric (Collins and 
Hanzlik) , 231 

Freezing point: 

Blood (Gettler and Bak- 
er), 221 


G 


Gelatin: 

Latent period in liver au- 
tolj’sis, effect on (Brad- 
ley and Taylor), 

36S 

Liver enzjunes, digestion 
bi" (Bb-adley and Tay- 
lor), 272 


Gliadin: 

Feeding experiments with 
(Osborne and IMen- 
del), ? 

Serum, normal and sensi- 
tized, digestion bj 


Globin: . , 

Casein, compound witn 
(Schmidt), 

Deuteroalbumose, com- 
pound with (Schmidt)^. 

Nucleic acid, compound 
with (Schmidt), ^ 


227 



Snhjrcls 
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Globin- -oin/iiiucif • 

Snltint: mit <>f. clinnut'.'- in 
!inil 011“ ('onccii- 
1 r;i t i (1 n s <i >i r i n jr 
(SriiMnni, ()'t 

T.'inrncliolii’ ;u'iii. I’oni- 
jiiiinu! willi (SciiMinr). 

7(i 


Globulin; 

Sor.'i of ;uiiiii;il‘-' niul liird^. 
COlHOni of ''.ll'.UT.M ). 

21 

Soy l)t>nn. sc'riiin. normal 
and .‘^onf-ilizt'd. <iif:c.'-'(ion 
bv Clh-nTON). 

I OS. 22S 

Glucosamine : 

Mucoitin sulfuric acid. 
l)rc«cncc in (L);vi;nj; 
and L6i‘i:z-St;.\ni;7.). 

.') 1 ! 


Glucose: 

«-Aniinocai)roic acid, for- 
mal ion from, in plilor- 
Iiizinizcd dofj 
wald), si 

Assimilation, limit of 
(Taylok and IIui.ton), 
173 

Ingestion, limit of (Tav- 
Loij and IIuLTON), 

17.7 

Xinhj’^drin reaction with 
ammonium salts, action 
on (IIaiiding and War- 
xr.roitn), 330 

Glycerol : 

Xinhydrin reaction with 
ammonium salts, action 
on (Harding and War- 
nepord), 330 

Glycine hispida: 

Urease content (jMateer 
and Marshall), 


Glycosuria: 

10l)inc])hrin('. calcium chlo- 
rifh' .and lactate, influ- 
ence on (Underhill), 
■I.')! 

-. magnesium lactate 
and sulf.ate, influence of 
( UNDi-miiLL). 472 

. sodium carbonate, in- 
fluence of (Underhill), 
407 

. .‘■odium oxalate and 
l)hosiihal(', influence of 
'Underhill), 4.70 

Magnesium sulfate, cal- 
lamn chloride, cfl’cct of 
(Underhill), 

47.) 

1 ’( 1 st -opera f i ve (Epstein 
and Aschner), 

102 


Glyoxals: 

Xinhydrin reaction, inter- 
mediate products of 
(Harding and Warne- 
eord), '327 

Grain: 

Xutritive deficiencies of 
mi.xtures of (Hart, 
Miller, and McCol- 
lum), 239 

Grasses: 

Hydroc 3 mnic acid content 
(^bEHOEVER, Johns, 
and Alsberg), 

141 


Growth : 

Alfalfa meal, influence of 
(Hart, Miller, and 
McCollum), 240 

Amino-acid minimum for 
(Osborne and Men- 
del), 1 

Chicks, pituitary body, 
effect of (Wulzen), 


298 


030 
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Subjects 


Growth — continued: 

Cholesterol, influence of, 
on wliite mouse (Rob- 
ertson), 635 

— , , on suckling mice, 

when fed to mother 
(Robertson and Cut- 
ler) , 663 

Cottonseed meal and milk 
powder, influence of 
(Richardson and 
Green), 313 

Curves of (Osborne and 
Mendel), 9 

(McCollum, Simmonds, 
andPiTz), 115 

(Hart, Miller, and 
McCollum), 250 

(Richardson and 
Green), 316 

Lecithin, influence of, on 
mice (Robertson), 

647 

— , — — , on suckling 
mice, when fed to 
mother (Robertson 
and Cutler), 663 
Lj'sine, role of (Osborne 
and Mendel), 1 

Meat scraps, effect of 
(Hart, Miller, and 
McCollum), 247 
Planarian worms, pitui- 
tary bodj’’, effect of 
(Wulzen), 625 

Rice plant, hj’^drochloric 
acid, influence of (Mi- 
yake), 26 

, toxic action of alu- 
minium salts (Miyake), 
23 

Salts, influence of (Hart, 
Miller, and McCol- 
lum), 245 

Tryptophane, role in (Os- 
borne and Mendel), 


Growth — continued: 

Wheat embryo, value of, 
for (McCollum, Sim- 
monds, and PiTz), 

107 

Guanidine : 

Ninhydrin reaction nega- 
tive (Harding and 
MacLean), _ 348 

Sulfate, preparation (Le- 
VENE and Senior), 

623 

Guanylic acid : 

T riph 0 sphonucleinsatire , 

identity with (Jones 
and Germann), 99 


H 

leat; 

Bence-Jones protein, re- 
action of (Taylor and 
Miller), 282 

lemoglobin: 

Liver enzjnnes, digestion 
by (Bradley and Tay- 
lor), _ 

lexamethyleneamine i 

Sec Hexamethylenetet- 
ramine. 

lexamethylenetetraminej 

Determination, colorimet- 
ric (Collins and Hanz- 
LIK),, 231 

aippuric acid: 

Creatinine e.xcretion, m 
fluence on (Lewis and 
Karr), . , 

Synthesis in animal organ- 
■ ism (Lewis and KarrL 

Uric acid determination 
in urine, effect on (Lei 

IS and ICarr), 

excretion, effect on 

(Lewis and Karr). 
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Horse gram : 

I'n'a'-f rontciK (Mmitk 
.■ niii M \u^H \M.). 

‘2'.>S 

Hydrochloric acid: 

M:ii:n("-i\im .'•\ilfnlc aiii''-- 
tlK"-in, iiifluciiri' on (I'n- 

nr.nmu/). 177 

I{ie(‘ jilant. infliii‘iip(' on 
growth of (MivAKi;!. 

2 (; 

Hydrocyanic acid : 

Liver aufoly.-i's, ofi'oot on 
(HiiM)i,r.van(l 'Layi-ohL 

2fi2 

PlaTil ti==U(‘«. (ii=aiij)cnt- 
aiH'o from, (hiring inae- 
oraiion (Agsiimu; and 
UnACK), 133 

— — , separation from 
(AnsiiKUc and Uiack). 

133 

T'nV/ni.s Jlnvu.’!, content of 
(Vir,noi;vi;n, Johns, 
and ALsnttno), 

Ml 

Hydrogen : 

Electrode potentials, ba- 
rometer corrections 
fCLAKK and Luns), 

•18G 

of phthalale, plios- 

phatc, and borate buf- 
fer mixtures (Clahk 
and Luns), 479 

— and tonometer (AIc- 
Clunoon and AIagoon), 

G75 

— , two compartment 
(McClundon and Ma- 
goon), GG9 

Ion concentration of 
aluminium chloride so- 
lutions (AIivaku), 

20 

: blood (Gettler 

and Baker), 221 


Hydrogen — cnntinucrl: 

tMcGi/ENDON and Ma- 
goon), G72 

— — , comiiari^on solu- 

tion‘. for colorimetric 
method (Ge\rk and 
Luns), 479 

-- — . measurement of 
(Schmidt). GG 

' — , o]itinunn for liver 
antoly.-jis (Biudeey and 
Tvyeor). 2G4 

, protein compounds, 

clianges in. during for- 
mation of (Schmidt), 

63 

— — of scrum (McClen- 
don and Magoon), 

G72 

— — of stomach con- 

tents, indicator method 
for (McCi-endon and 
Magoon), GSO 

Hydrolysis: 

Yeast nucleic acid (Le- 
VENE and Jacobs), 

103 

— — — M’ith ammonia 
(Jones and Germann), 

93 

7 j-Hydroxybenzaldehyde : 

NinhjTlrin reaction with 
ammonium salts, ac- 
tion on (ILvrding and 
Warneeord), 330 

/3-Hydroxybutyric acid: 

a-Aminocaproic acid, for- 
mation from (Grben- 
wald), 82 

Hydroxyl ion: 

Concentration, protein 
compounds, changes in 
formation of (Schmidt), 

63 

a-Hydroxypyridine : 

Antineuritic properties 
(Williams), 439 
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Subjects 


a-Hydroxypyridine — continued: 
Isomeric forms, antineu- 
ritic properties of (Wil- 
liams), 440 

Isomerism of (Willl^ms)", 
442 

/S-Hydroxypyridine : 

Antineuritic properties 
(WILLIAJIS), 445 

7 -Hydroxypyridiiie : 

Antineuritic properties 
(Williams), 445 

Hyperglycemia : 

Anesthesia, production bj' 
CEpstein and Asch- 
ker) , 152 

Epinephrine, calcium salts, 
influence of (Under- 
hill), 451 

— , magnesium salts, in- 
fluence of (Underhill), 
471 

— , sodium salts, influence 
of (Underhill), 

456, 463 

^lagnesium sulfate, cal- 
cium chloride, influence 
of (Underhill), 

475 

Nephrectomy, influence 
of (Epstein and Asch- 
ner), 160 

Stimuli, ps 3 'chic and sen- 
sor 3 ', effect of, on 63 -- 
pergbDemia produced 
by cold (Kramer and 
Coffin), 423 

Hypertrophy: 

Protein relif^ 


4-Imidopseudouric acid: 
(Levene and Senior), 

618 

Uric acid, conversion into 
(Levene and Senior), 
621 

Indicators: 

Buffer value of blood, 
determination of, 63 ' 
(jMcClendon and IMa- 
goon), 679 

Stomach contents, hs'dro- 
gen ion concentration 
of, bi- (IMcClendon and 
ilAGOON), 6S0 

Inosinic acid: 

Tetan3-, role in (Green- 
m'ald), . 224 

Inosite: 

Intestine, absorption from 
(Anderson), 394 
Ziletabolism of man, ef- 
fect of (Anderson and 
Bosworth), 399 

Nitrogen balance, effect 
on (Anderson and Bos- 
ttorth), 403 

Phosphorus balance, ef- 
fect on (Anderson and 
Bosworth), 403 

Utilization of, in the dog 
(Anderson), 391 
Invertin: 

Blood, effect of, on activ- 
it 3 ’ of (KuRITAiLi), _ 

541 

— serum, content of, af- 
ter injection of invertin 
), .539 

on activit 3 ' 
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Involution: 

IVoloin n'liilionsliip'-' in 
(Bn.\ni,i;v niu! 'I'.wlou', 
2S(I 

Irritabilitj*: 

I'lortricnl, of ncrvo'-'. sliin- 
ujnfion. rolrUion lo 
(Lor.n niui I'.waiui'), 

asi 

Isomerism: 

Hydroxypyridint's (Wii.- 
UAMS),' -MO 

Jack bean: 

Urease (Mati'.i:!: and 
MAnsHALi.), 297 


L 

Lactic acid: 

Protein jnetabolisin, ef- 
fect on (KociiKn), 

')73 

Latent period: 

Autolj’sis (linADimY and 
TAvnon), 303 

— , acids, cfTcct of (Brap- 
imv and Taylor), 

300 

— , gelatin, cfTcct of 
(BRADLKYand Taylor), 

308 

— , sodium bicarbonate, 
eflect of (Bradlry and 
Taylor), 309 

Laurie acid: 

Alyristic acid, separation 
from (Jacodson and 
Holmks), 55 

Salts, solubility of, in or- 
ganic solvents (Jacob- 
son and Holmes), 

29 

Lead salts : 

Fatty acids, solubility of, 
in organic solvents (Ja- 
cobson and Holmes), 

47 


Lecithin; 

Blond conlcnl (Bloou), 

585 

(Ii'owili. influence on 
('UonmnsoN), 

047 

- of Miekling mice, influ- 
i'lK’c of, vlien fed to 
mother (Hobertson 
and Ci’TLmi), 

003 

Pituitary Ijody, content 
of (1 ''i.ngi;r), 

419 

— , growth, influence on 
f Hobertson), 

050 

Levulose : 

Ingestion, limit of (Tay- 
LOii and Hulton), 

175 ■ 

Lipoids: 

Blood, human, distribu- 
tion in (Bloor), 

577 

Lithium chloride: 

Casein, rate of solution of, 
in sodium hydroxide, in- 
fluence on (Robertson 
and Miyake), 

353 

Lithium salts: 

Fatty acids, solubility of, 
in organic solvents (Ja- 
cobson and Holmes), 

• 33 


Liver: 

Autolysis, reaction, effect 
of (Bradley and Tay- 
lor), 261 

Autolyzed, cholesterol con- 
tent (Mueller), 

565 . 

Lupinus albus: 

Urease content (Mateer 
and Marshall), 

298 
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Subjects 


Y-Lutidone : 

Antineuritic properties 
(Willia:ms), 445 

Lysine : 

Growth, role in (Osborxe 
and ilEA'DEL), 

1 

hlaintenance, role in (Os- 
BORKE and Mexdee), 

1 

M 

Magnesium: 

Xer%'e stimulation, inhib- 
itor}’ power on (Loeb 
and Ewald), 

381 

Magnesium lactate: 

Blood sugar content, ef- 
fect on (Ukuerhiee), 
472 

Glycosuria; epinephrine, 
influence on (Uxder- 
hill), 472 

H5'perglycemia, epineph- 
rine, influence on (Un- 
derhill), 472 

Magnesium salts: 

Fatt}' acids, solubility of, 
in organic solvents (Ja- 
cobson and Holmes), 
39 

Magnesium sulfate : 

Anesthesia, hj’drochloric 
acid, influence of (Un- 
derhill), 477 

— , sodium carbonate, in- 
fluence of (Underhill), 
477 

Blood sugar content, ef- 
fect of (Underhill), 
474 

Gh'cosuria, calcium chlo- 
ride, influence of (Un- 
derhill), 475 

— , epinephrine, influence 
of (Underhill), 


Magnesium sulfate — continued: 

Hypergl}'cemia, calcium 
chloride, influence on 
(Underhill), 475 

— , epinephrine, influence 
on (Underhill), 

474 

Maintenance : 

Amino-acid minimum for 
(Osborne and IMen- 
del), 1 

Lysine, role of (Osborne 
and Mendel), 1 

Tryptophane, role of (Os- 
borne and Mendel), 

1 

Manganous carbonate: 

Liver autolysis, effect on 
(Br.\.dlet and Taylor), 
266 

Meat scraps: 

Growth, influence on 
(Hart, Miller, and 
^McCollum), 

247 

Mercuric acetate ; 

Sugar in mrine, use in de- 
termination of (Kimi- 
yama), o24 

Mercuric chloride: 

Blood proteins, precipita- 
tion of (Gettler and 
Baker), 214 

Metabolism: 

Carbohydrate (Under- 
hill), „ 

447,463,4/1 

Inosite, effect of, on me- 
tabolism in man (An- 
derson and Bos- 
worth), 

— utilization in dog (An- 
derson), 

Protein, lactic acid, influ- 
ence of (Kocher), 

0/3 


474 
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Metabolism — cantimifd: 

— . pynivic arid, iiitinriiro 
of (KoruKiO. 

— , 5i>arinp art ion of rai- 
l)oliydmfcs on fKo- 
cinnO. .‘>71 

Methyl acetate: 

batty arid .‘-'alls, .colnl)!!- 
ify of, in (.I.vcodj'ON’ .ajid 
noi.Mr..*^), :57 

Methyl alcohol : 

Fatty arid salts, soliiliility 
of, in f.l.\coi)soN and 
Holmkr), ol 

Milk: 

Alhnniin. .‘•■rniin. normal 
and sensitized, di^es- 
tion l)v (HiXTO.v), 

lOS, 22S 

Powder, cottonseed meal 
and, prowtli on (Ricii- 
AimsoN and Giu:i:n-), 
313 

Mucin; 

Pig’s stomach, conju- 
gated sulfuric acid of 
(Lkvkn'i: and Lornz- 

SUAKEZ), .all 

Mucoitin sulfuric acid: 

(LrA'Exnand Loi’kz-SuXr- 
EZ), .oil 

Glucosamine froin (Le- 
VENE and Lopez-Suar- 
Ez), 514 

Murexide : 

Alloxan formation from, 
ninhydrin reaction, an- 
alogy to (Harding and 
Warneford), 

320 

Diketohydrindylidenedi- 
ketohj'drindamine, am- 
monium salt, relation 
to (Harding and Mac- 
Lean), 345 


Muscle: 

('rratinr, determination of 
fl’AUMANN and Ing- 
V m.d.'-en). 105 

Xon-protein substances, 
determin.ation of (Jan- 
ve.y), 177 

Piotein content (Janney), 
1S3, 18.5 

-. total, determination of 
..Iannf.y), 177 

Myristic acid : 

Laurie acid, separation 
from f.lACOKSON and 
IIOEMESJ, 55 

.<alts. solubility' of, in or- 
ganic solvents (Jacod- 
bON and Holmes), 

29 

N 

Naphthylureidocephalin : 
fLi;vENE and West), 

519 

Necrosis: 

Protein relationships in 
(Bradley and Tai-lor), 

278 

Nephrectomy : 

Blood sugar content, in- 
fluence on (Epstein 
and Aschner), 

160 

Nerves: 

Chemical stimulation of 
(Loeb and Ewald), 

377 

Ninhydrin: 

Alloxan, relation of (Hard- 
ing and AIacLean), 


344 

Amides, reaction with 
(Harding and AIac- 
Lean), _ 337 

Amines, reaction with 
(Harding and • Mac- 
Lean), 337 
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Subjects 


Ninhydrin — continued: 

Amino-acids, reaction 
with (Harding and 
Warneford), 

319 

Ammonia, reaction with 
(Harding and Warne- 
ford), 330 

Ammonium salts, reaction 
with (Harding and 
Warneford), 

319 

, , pyridine, in- 
fluence of (Harding 
and Warneford), 

324 

Reaction, analogy to mur- 
exide formation from al- 
loxan (Harding and 
Warneford), 320 
— , mechanism of (Hard- 
ing and Warneford), 
327 

— , pyridine, effect of 
(Harding and Warne- 
ford), 324 

(Harding and Mac- 
Lean), 338 

— , reducing agents, action 
of (Harding and War- 
neford), 330 

Nitrogen: 

Blood content (Gettler 
and Baker), 213 

Inosite, effect of, on bal- 
ance of (Anderson and 
Bosworth), 403 

Lactic acid, effect of, on 
excretion of (Kochbr), 
573 

Non-coagulable, live rau- 
tolysis, latent period in 
(Bradley and Taylor) , 
364 

. Non-colloid al, determina- 
tion of (Welker and 
Falls), 567 


Nitrogen — continued: 

Non-protein, blood con- 
tent (Gettler and Ba- 
ker), 213 

— , — , determination in 
(Gettler and Baker), 
214 

Partition, effect of sub- 
stituting alcohol for su- 
crose (Hammett), 

601 

Plasma content (Gettler 
and Baker), 213 
Pyruvic acid, effect of, on 
excretion of (Kocher), 
574 


Serum content (Gettler 
and Baker), 213 
Nitrous oxide: 

Anesthesia, blood sugar, 
effect on (Epstein and 
Aschner), 157 

Ether and, anesthesia, 
blood sugar, influence 
on (Epstein and Asch- 
ner), 157 

Non-protein: 

Muscle, determination in 
(Janney), ■ 17^ 

Nitrogen, blood content 
(Getti/Er and Baker), 
2XX 


Sera of animals and birds, 
content of (Jewett), 


Nor-leucine: . 

See a-Aininocaproic acici. 
Nucleic acid: 

Globin, compound witli 
(Schmidt), 

Nutrition: „ 

Cottonseed meal m (iiicn- 
ARDSON and Green), 

30/ 

Deficiency of wheat gram 
mixture in (Hart, iMia- 
LER, and jMcColllmiL 
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o 

Oat diet: 

DiFoaFC' produrc'l hy, in 
piinca pips nnd rnhlnts 
(FrxK), -ion 

Oil: 

Wiiprit omi>ryo, toxicity of 
(McCollum, Sim- 
MON'DS, and Pitz), 109 


Palmitic acid: 

Saits, soIni)iiity of, in or- 
panic solvents (jACon- 
SON- and IfoLMns), 

29 

Panicularia nervnta: 

Hydrocyanic acid content, 
of loaves (Ai,sin:itG nnd 
Ulack), 13G 

Penetration: 

Coefficient of (Houkut- 
soN and Miyakh), 

Pepsin: 

Bencc-tloncs protein, di- 
pestion by (Tatloh nnd 
Milleh), 293 

Peptone : 

Liver cnzjanc, dipcstion 
by (I3RADL7:y and Tay- 
lor), 2G9 

PhaseoUn : 

Serum, normal and sensi- 
tized, digestion by 
(IIulton), 

IGS, 228 

>^naseolus aureus: 

Urease content (Matber 
and Marshall), 

299 

Phenol: 

Determination of (Mor- 
Ris), 205 

iFnenylureidocephalin : 

(Levene and West), 


Phcnj’lureidotctraliydro- 
cephalin : 

(Liata’i: and Wi:st), 

519 

Phosphate buffer mbetures: 

llydropen electrode po- 
tentials of (Clvrk and 
Lun.s), 479 

Phosphoric acid: 

Ammonium magnesium 
idiosphatc as form to 
voiph (Jones), 87 

Liver aulolysis, effect on 
( P-RADLEY and Taylor) , 
2G3 

Phosphorus: 

Acid-soluble, of serum 
(Creenvald), 

431 

Determination of (Ger- 
mann), 192 

Inosite, effect of, on bal- 
ance of (Anderson and 
Boswortii), 403 

Tlijonus nucleic acid, par- 
tition in (Germann), 
189 

Phthalate buffer mixtures : 

Hydrogen electrode po- 
tentials of (Clark and 
Lues), 479 

Phthalic acid: 

Acid potassium salt as 
standard for hydrogen 
ion concentration 
(Clark and Ltjbs), 

506 

o-Phthalic acid: 

Titration curve (Clark 
and Lues), 507 

Physical : 

Blood, analysis of normal 
(Gettler and Baker), 
211 


518 
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Subjects 


Picric acid: 

Creatine, precipitation of 
CBatimakn and Ing- 
valdsen), 197 

Pituitary: 

Adult and infant, com- 
position and physiologi- 
cal activity (Fengek), 

417 

Chick, growth of, influ- 
ence on (Wxilzen), 

630 

Lecithin content (Fen- 
cer), 419 

— , growth, influence on 
(Robertson), 656 

Planariau worms, growth 
of, influence on (Wun- 

zen), 625 

Reproduction, effect on 
^ (Wulzbk), 625 

Uterine-contracting prin- 
ciple (Fenger), 

421 


Placenta: 

Ferments, specific proteo- 
clastic, formation of, by 
introduction of (Hun- 
ton), 227 

Protein, digestion by nor- 
ma! and sensitized se- 
rum (Helton), 

228 

Planarian worms: 

Pituitarj’^ bod3% effect of, 
on grow’th and fission of 
(Wtjlzen), 625 


Plants : 

C3'anogenesis in (Vie- 
hoever, Johns, and 
Alsberg), • 141 

H 3 'droc 3 mruc acid, recov- 
er}' of, from (Viehoe- 
VER, Johns, and Als- 
berg), 146 


Plants — continued: 

Tissue, cyanogenetic, ac- 
tion of hydrocyanic acid 
on (Alsberg and 

Black), 136 

— , h3'-droc3’-anic acid, sep- 
aration of, from (Als- 
berg and Black), 

133 


Plasma : 

Carbon dioxide capacity 
(Gettler and Baker), 
219 

Nitrogen content (Gbtt- 
LER and Baker), 

213 


Potassium chloride: 

Casein, rate of solution of, 
in sodium hydroxide, in- 
fluence on (Robertson 
and Miyake), 

355 

Potassium cyanide: 

Plant tissues, recovery 
from (Alsberg and 
Black), 133 

Potassium dihydrogen phos- 
phate : 

Liver autolysis, effect on 
(Bradley and Taylor) , 
263 


Potato juice: 

Oat disease in rabbits, 
effect on (Funk), 

413 


Potentials: 

Diffusion (Clark and 
Lubs), 

H3''drogen elect rode 
(Clark and Lubs), 


Protamine : 

Serum, normal and sen- 
sitized, digestion bi' 
(Hm,Tov), 
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Protein : 

Alcolml, prcripiliition i)y 
(.IsNNr.v'). ITS 

Itenre-.lriiic'- fl'\^I,ou iind 
Miu-nO. 2S1 

— . anapliyl.'iM’'- ''J'sYi.ou 
aiui Mii.i.i.it), 200 
— . (lijic'-tiliilily ('I'ayi.oh 
ami Hyi.ion). 

20:i 

— , j)r('])aratir)n of TFay- 
T.oii ami Hylton), 

2SS 

— , .‘■cniin. mmiial .'iiui 
Foii'-itired. ciicociioii l)y 
{lln.ioN), 

I OS. 22S 

— , foxieily of ('J'AYLOlt 

ami 203 

Hody. nonmii iiyciroiysis 
of (IIulton), ' 170 

Compound*-, formation of, 
ciianKOP<if IH ami 011“ 
concentration*: durinp 
(Scu.midt), G3 

Cotton‘:cc(i hour, vaiue of, 
for prowtii (IticiiAiiD- 
bON and r,i{i:i:N), 

310 

Factor (.Iannky), 185 
Foreign, ferments, speci- 
fic proteoclastic, fonna- 
tion of, after parenteral 
injection of (IIulton), 

1G3 

Liver cells, rclationsliips 
in (BnADimv and Tatt- 
Lon), 27G 

— , reaction, effect of 
(BitADLUY and Taylor), 

275 

Mercuric chloride, precip- 
itation l)y (Glttlek 
and Baker), 214 

Metabolism, carbohy- 
drate, sparing action of 
(Kociier), 571 


Protein ronlinuni 

laclic acul, clTc’cl of, 
on tFoi'iti.Ri, 573 
i)yiuvie acid, efi'cct of, 
{»n (Konnm), 57-1 
Mu'-cle, eonlent of bl \n- 
M V), 1S3, 185 

determination in 
i.Unney), 177 

Placenta, serum, normal 
and si'ii'-itircd, digestion 
bv (llrLTON), 

228 

Helationsliips in autol 3 'sis 
( Pr \i)LEY and Taylor), 

277 

Serum, digestion In'- (IIui,- 
loNi, 1G8, 228 

Sparing action of alcohol 
(IlAMMETr), 604 

'J’otal, sera of animals and 
birds, content of (Jev’- 
ETi-), 21 

Wheat embryo, value of, 
for giowth (McCol- 
lum, SiMMONDS, and 
Pitz), 107 

Proteinuria : 

Bence-Jones (Taylor and 
Miller), 281 

Prunus virginiana: 

H 3 ^droc 3 mnic acid content 
of leaves (Alsberg and 
Black), 136 

Pyridine : 

Ninhydrin reaction, effect 
on (IIarding and War- 
neford), 324 

(Harding and Mac- 
Lean), 338 

Pyruvic acid: 

Protein metabolism, ef- 
fect on (Kocher), 

574 
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Subjects 


jR 

Reaction: 

Latent period in autolysis, 
effect on (Bradley and 
Taylor), 368 

Liver autotysis, effect on 
(Bradley and Taylor), 
261 

Reducing agents: 

Ninhydrin reaction, effect 
on fHARDiNG and War- 
neford), 330 

Refractive index: 

Blood (Gettler and Ba- 
ker), 221 

Reproduction: 

C'ottonseed meal, influ- 
ence on (Richardson 
and Green), 314 
Pituitary, effect of (Wtjl- 
zen), 625 

Respiratory quotient: 

Inosite, effect of (Ander- 
son), 394 

Rice plant: 

Growth, hydrochloric acid, 
influence of, on (Mi- 
yake), 26 

— , toxic aetion of alumi- 
nium salts (Miyake), 

25 


S 

Salts : 

Bence-Jones urine, reac- 
tions of (Taylor and 
Miller), 284 

Growth, effect on (Hart, 
Miller, and McCol- 
lum), 245 

Laurie acid, solubility of, 
in organic solvents (Ja- 
cobson and Holmes), 
29 

Liver autolysis, effect on 
(Bradley and Taylor), 
265 


Salts — continued: 

Myristic acid, solubility of, 
in organic solvents (Ja- 
cobson and Holmes), 
29 

Palmitic acid, solubility of, 
in organic solvents (Ja- 
cobson and Holmes), 
29 

Stearic acid, solubility of, 
in organic solvents (Ja- 
cobson and Holmes), 
29 

Serum: 

Albumin content (Jew- 
ett), 21 

Animals, non-protein con- 
tent (Jewett), 21 

Birds, non-protein content 
(Jewett), 21 

Blood, invertin content 
after injection of inver- 
tin (Kuriyama), 

539 

— , non-colloidal nitrogen 
determination (Wel- 
ker and Falls), 

567 

Buffer value, charts for 
(McClendon and Ma- 
goon), MS 

Carbon dioxide tension, 
buffer value, relation to 
(McClendon and 
goon), 

Colloids, precipitation of, 
with aluminium hy- 
droxide cream (Welker 
and Falls), 5Gi 

Conductivity 
and Baker), 220 

Dextrose, action on (Ko- 
riyama), 

Globulin content (Jb^'" 
ett), 
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Serum ~-co?l/nn/r^^; 

Hydropcii ion ('onrc-nl ra- 
tion (MrCi.r.NnoN and 
Ma(;oon), (>72 

iTitostinal f-iirra'-i’, effort 
on activity of (ICx-ui- 
yama). ' 511 

Invrrtin activity, effect 
on (KrniYAMA’i. 

.'.11 

Xitrofien content ((Ir.TT- 
u;n and llAKitn), 

21 

Xon-])rolcin content 
KTT), 21 

I’iiOFplioruf:. aeid-holiilile, 
of (Gnnr.NWAi.i)), 

•131 

Protein, coinjiosif ion and 
blood relalionpliii.s of 
animal.® (.h;\vinT), 

21 

— content (Jr.wr.TT), 

21 

— , digc.stion of, by nor- 
mal and Feiipitizcd 
(Hulton), 

IGS, 22S 

Silver salts: 

Fatty acids, solubility of, 
in org.anic solvents (.Ia- 
consoN and Holaihs), 

51 

Sodium benzoate: 

Uric acid excretion in 
man, influence on 
(Lkwis and Kauk), 

13 

Sodium bicarbonate: 

Latent period in liver au- 
tolysis, effect on (BnAD- 
LEY and TAYLon), 

3G9 

Liver autolysis, effect on 
(Bradley and Taylor), 

267 


Sodium carbonate: 

Blood suear content, ef- 
fect on (rNDimiiiLL), 

•163 

( llycosuria, ([niiei.lirine, 
inllnence on (.t’NDtnt- 
HILL), 4Go 

llyi.crplycemia, epineph- 
rine, influence on ,Lh\- 
ni-.r.uiLL), -103 

Mairnesium sulfate anes- 
t!ie,.;ia, influence on (U.\- 
DitnuiLL). -177 

Sodium chloride: 

('a-cin, rate of solution in 
sodium iiydroxidc, in- 
fhu'nce on i Bouertson’ 
aiui Miy\j;i:), 

3.54 

Sodium hydroxide : 

Casein, rate of solution in, 
alkali and alkaline earth 
salts, influence of, on 
(Bo»nRT.-jo.N* and Mi- 
yake), 351 

Liver autolysis, effect on 
(Bradley and Taylor) , 
2G8 

Sodium oxalate: 

Blood sugar content in- 
fluence on (Underhill), 
456 

Glycosuria, epinephrine, 
influence on (Under- 
hill), 456 

Sodium phosphate: 

Blood sugar content, influ- 
ence on (Underhill), 
456 

Glycosuria, epinephrine, 
influence on (Under- 
hill), 456 

Hyperglycemia, epineph- 
rine, influence on (Un- 
derhill), 456 
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Sodium salts: _ 

Nerves, stimulation oi 
(Loeb and Evaup), 

378 

stimulating effect, r61e of 
sodium chloride m 
(Loeb and Ewaed), 

382 

Soil fertility: , - , 

Determination, logical 
method of (Mitake), 

28 

Solids: 

Blood content (Gettler 
and Baker), 213 
Soy bean: 

Globulin, serum, normal 
and sensitized, diges- 
tion bv (Hulton), 

168, 228 

Urease content (Mateer 
and :Maeshall), 

298 

Specific gravity: , 

Blood (Gettler and Ba- 
ker), 221 

Spinal cord: . 

Pathological conditmn 
from wheat feeding 
(Hart, Miller, and 
McCollum), 242 

Starvation: . , . 

Protein relationslups m 
(Bradley and Taylor), 

• 278 

Stearic acid: 

Salts, solubility of, in or- 
ganic solvents (Jacob- 
son and Holmes), 

29 

Stimulation: 

Chemical, of neiwes (Loeb 
and Ewald), 

377 

— , relation to electric^ 
stimulation (Loeb and 
Ew'ald) , 


Stimulation — continued: 

Latent period of, effect of 
calcium on (Loeb and 
Ewald), 384 

Stimuli: , 

Psychic and sensorj^, ef- 
fect of, on hyperglyce- 
mia produced by cold 
(Krasier and Coffin), 

^ 423 

Stomach content: 

Hydrogen ion concentra- 
tion, indicator method 
for (McClendon and 
ISIagoon), 680 

Strontium chloride: 

Casein, rate of solution of, 
in sodium hydroxide, 
effect on (Kobertson 
and Mh'AKe), 

356 

Substratum: , 

Latent period m au- 
tolysis, effect on (Brad- 
ley and Taylor), 


^'^'^^Intestinal, blood, effect of, 
on activity oi (Kum- 

— , serum, effect of, on 
activity of (Kurivam^)^, 

^“'^^Blood, inverting 

after parenteral injec 

tion of (ICuriyama),^^^ 

hoi for (Hammett), 

Utilization (Kuri^amaL^ 

invertin, effect of, on 

(ICuriyama), ggg 
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Sugar: 

l^lood. Src Blood sugar. 

Urinoroutcnl .(‘piiK'pliriiU', 
iniliu'iirc' of (I'nduh- 
iiiU/), -l.jO 

Sulfuric acid: 

Coiijugatod, of iiiurin of 
pigV .«toinarh fl.r.vr.Ni; 
and ]/)i’i:z-STT.(ni:z), 

all 

Surgical procedures: 

Blood sugar ronlcnf, ef- 
fccf on (lipsTi:iN and 
AscuNnu), 151 

Sword bean: 

Urease conlcnf (-M.\Tnnn 
and M.\nsH,\u>), 

297 


T 

Tall red top: 

C^’anogencsis in (l^iniioE- 
vi;n, Jonxs, and Als- 
ukug). 141 

Taurocholic acid: 

Globin, compound with 
(SciiMinT), 76 

Testicles: 

Cholc.stcrol, clTcct of, on 
growth of (Robeotson), 
643 


Tetany: 

Ino.sinic acid, r61c of 
(Gree.vwald), 


224 


Parathyroidectomizcd 
dogs (Greenwald), 

223 

Tetraethylammonium chloride : 
Nerve muscles, stimula- 
tion of (Loeb and 
Ewald), 382 

Stimulating action, role 
of sodium chloride in 
(Loeb and Ewald), 

379 

Thymus nucleic acid: 

Phosphorus partition in 
(Germann), 189 


Tissues: 

C'lioles(('iol esters, action 
on (MrELLEJiL 

561 

Tonometer: 

Ilytlrogen electrode and 
(Mc(‘li:n'I)on and Ma- 
ooon), 675 

Toxicity; 

Aluminium chloride for 
rice plant (Miyake), 

23 

Bence-Jones protcin(TAY- 
LOR and Miller), 

293 

Cottonseed meal (Rich- 
ardson and Green), 

314 

Wheat for swine (Hart, 
Miller, and McCol- 
lu.m), 244 

Tridens flavus: 

Cyanogenesis in (Viehob- 
VER, Johns, and Als- 
berg), 141 

Hj’'droc 3 ’’anic acid content 
(ViEHOEVER, Johns, 
and Alsberg), 

141 

2,3,4-Trihydro3^yridine : 

Antineuritic properties 
(Williams), 439 

2,4,6-Trihydroxypyridine ; 

Antineuritic properties 
(Williams), 439 

Triketohydrindene hydrate : 

See NinhjTlrin. 
Triphosphonucleinsaure : 

Guanylic acid, identity 
with (Jones and Ger- 
mann), 99 

Trypsin: 

Bence-Jones protein, di- 
gestion by (Taylor and 
Miller), 293 

Tryptophane : 

Growth, role in (Osborne 
and Mendel), 1 
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Subjects 


Tryptophane — continued: 

Maintenance, r6Ie in (Os- 
borne and Mendel), 

1 

U 


Urea: 

Blood content (Gettler 
and Baker), 215 

Urease: 

Bean extracts, relative ac- 
tivity (Mateer and 
Marshall), 299 

Jack bean, preparation 
from (Mateer and 
Marshall), 303 

, specificity of (Ma- 
teer and Marshall), 
301 


Uric acid: 

Blood content (Gettler 
and Baker), 215 
Determination of (Mor- 
ris), 205 

— , colorimetric, effect of 
sodium hippurate (Lew- 
is and Karr), 14 
Excretion in man after so- 
dium benzoate inges- 
tion (Lewis and ILa.rr), 
13 


sodium hip- 
purate (Lewis and 
Karr), 19 

Inosite, effect of, on ex- 
cretion (Anderson and 
Bosworth), 404 

Zinc salt (Morris), 

205 


Urine: 

Bence-Jones, acids, be- 
havior towards (Taylor 
and hliLLER), 

285 

■ f anaphylaxis (Tay- 

lor and Miller), 


Urine — continued: 

protein, heat reac 

tions of (Taylor anc 
Miller), 28! 

— — — -free, prepara- 

tion of (Taylor anc 
Miller), 29C 

— — , salt reactions oi 
(Taylor and Miller) 

284 

Formaldehyde, determi- 
nation of (Collins and 
Hanzlik), 234 

Hexamethylenetetramine, 
determination of (Col- 
lins and Hanzlik), 

234 

Inosite, excretion of, ir 
man (Anderson anc 
Bosworth), 40! 

Invertin content after in- 
jection of invertin (Kii- 
riyama), 53 £ 

Sugar content, epineph 
rine, influence of (Un- 
derhill), 45( 

Utilization: 

Inosite by dog (Ander- 
son), 391 

— by man (ANDERSO^ 
and Bosworth), 

39£ 

Sucrose (Ktjriyama), 

52] 

— , invertin, effect oJ 
(Kuriyama), 533 

V 

Vicine : 

Constitution (Levene 
and Senior), 607 
Vitamines: 

Chemical nature of (Wil- 
liams), 437 


292 
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W 

iVatcr: 

I'nKy arid snlt'^, so]>ilnlily 
of. ill ('.l.scoiisON nnd 
3.") 

VSHicat: 

l-'inliryo, diolary di-fioii'n- 
ric.-J (Mct’oi.TAlM, SlM- 
MONDS, :ind I’lTZ), 

lO.') 

— , rtli('r-o\l mrlcd, niilri- 
livo vahu' of (McCoi.- 
l-fM, SiMMONDP, and 
I’lTZ), 100 

— . fcodinc cxporinionts 
witli (McCoua'm, fsiM- 
MON’t).s and Prrz), 

107 

— . oil, toxicity of (Mc- 
ConnuM, SiMMoxns, 
and PiTz), 109 

— •, proteins, value of, for 
prowlli (McColpum, 
SiMMON-ns, and Pitz), 

108 

Nutritive deficiencies 
(IIaiit, MiLncn, and 
■McCollum), 239 

Toxic substance of, swine, 
susceptibility of, to- 
wards (Hart, Miller, 
and IMcCollum), 

244 


White lupine: 

Urca.^o content (Mateer 
and Marshall), 

298 


Y 

Yeast: 

Oat disease in rabbits, ef- 
fect on (Funk), 
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